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NOTICE. 


In issuing this Descriptive Catalogue of the Oeologieal, 
Mining, and Metallurgical Models in the Museum of Prac- 
tical Geology, I gladly express the opinion that the work 
is highly creditable to the skill of Mr. Pauennan. 

The visitor to the Museum will find in it a lucid ex- 
planation of the models illustrative of the Sciences of 
Geology, Mining, and Metallurgy. 

The models being distributed according to the available 
spaces in the Museum, it has been found impossible to 
notice them in the order tin which they are placed. A 
systematic order has therefore been adopted, and the heads 
of this arrangement are set forth in the opposite table of 
contents. The second and more detailed list, contains 
the name of each model according to its position in the 
Museum. 


EODERICK I. MURCHISON, 
Dmctor, 


Museum of Practical Geology, Jermyn Street, 
March 29th, 1865. 
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CATALOGUE 


or 

THE GEOLOGICAL, MINING, AND 
METALLURGICAL MODELS. 


The articles comprised in this division of the Museum 
are, with a few exceptions, placed in the model rooms and 
galleries, and are arranged according to the following 
scheme : — 


ON THE FIRST FLOOR. 

Eastern Model Room, or ^oom A., entrance from the 
principal floor of the museum, contains mining tools, pump* 
ing and winding engines, boring machines, ropes and chains, 
and man engines ; in addition to which a crusher, a blowing 
engine and blast furnace, and the sectional model of Dol- 
coath mine are placed here, being too large to go with the 
models of the same classes in other parts. 

Room B., or Western Model Room, entrance from room 
A., contains models illustrative of the workings of collieries, 
the Upleatbam inclined plane, and a series of pit frtunes, 
cages, and guides for collieries, and safety catches. 

ON THE SECOND FLOOR. 

The small Room C. contains illustrations of mine timber- 
ing, masonry, and tubbing, geometrical models illustrating 
geological phenomena, su«^ as denudation, faults, contortion, 
the formation of mineral veins, &x., an old model, showing 
the difierent operations of mining as carried on in Saxony 
in the last century, a model of the surface workings of a 
small Cornish mine, and a hand crusher used in the smaller 
lead mines in Derbyshire. 

The Eastern Gallery*D. is almost entirely filled with 
models of smelting and foundry furnaces, the only foreign 
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objects being the large watei' pressure engine in the comer 
above the staircase and the crystallographical models in the 
entry from the lower front gaJleiy. 

The Western Gallery E. includes safety and other 
lamps, surveying instruments, ventilating machines and 
furnaces, ore crushing and dressing machines, with the 
exception of those too large to be introduced, as already 
mentioned, and Gay Lussac’s apparatus for silver assaying. 


ON THE PRINCIPAL FLOOR OF. THE MUSEUM. 
ARE PLACED, 

On the Eastern Side, the large pumping water wheels 
from Devon Consols mine. 

On the Western Side, the model of a North of England 
colliery, the workings of Holmbusli copper mine, and an 
Australian quartz crushing and amalgamating works. 

Facing the principal entrance of Room A. is a model 
of a steel converting and casting works, and on the left of 
the entry' of the room is a condenser for lead smoke. 

The detailed notices of the models are arranged according 
to the following order : — * 

GEOLOGICAL MODELS. 

Sopwith’s Models of Stratified Masses. 

Model of Nentsberry Manor, Alston Moor. 

Model of the Dean Forest Coal Basin. 

Model of the Ebbw Yale Collieries and Ironstone 
Mines. 

General Model of a Coal Measure District. 
Model of the Landslip at Axmouth. 

Model of the Landslip at Auchenoray. 

Model of the Volcanic Mountains of Auvergne. 
Model of the Pass of Mont Cenis. 

Geological Models of the Isle of Wight. 
Geological Model of the Island of Arran. 

« 

SPECIAL MINING MODELS. 

Minimo Tools. 

Fuzes and Cartbidoes. 

Tdiberino and Masonry. 

Boring Machineby. 

Lamps. 
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Dbawiko Engines, including,— 

Windlasses and Hand Whims. 

Horse Whims. 

Water Whims. 

Steam Whims. 

Coal drawing Engine and Screens. 

Pit Guides and Safety Catches. 

Ropes and Chains. 

Inclined Planes. 

Cranes, Hoists, and Drops. 

Man Engines. , 

Methods of .working and ventilating Collieries. 
Tyrolese Method of working Salt Mines, 

Pumping Engines (water and steam power). 

Pumping Machinery Details. 

Ventilating Machinery and Furnaces. 

Crushing and Dressing Machinery. 

GENERAL MODELS OF MINES. 

Surface Model of a small Tin Mine. 

Sectional Model of Dolcoatii Mine. 

Stereometric Model of THt: working of Holmbush 
Mine. 

Surface Model of the Clunes Gold Quartz Mines. 
Model of Mining Operations as carried on in 
Saxony in the last Century. 

METALLURGICAL MODELS. 

MODELS ILLUSTRATIVE OF GEOLOGICAL 
PHENOMENA. 

Nos. A. I. to A. XII. 

A series of 12 models hy T. Sopwith, Esq., F.R.S., illus- 
trating by geometrical construction the principal phenomena 
connected with the denudation or dislocation of stratified 
rocks, as follows : — 

A. I. Model to illustrate the Effects of Denudation. 

On a scale of 1 incji to 50 feet. 

It represents the general character of the Carboniferoos 
or Mountain Limestone foynation of Alston Moor, in the 
county of Cumberland, consisting of alternations of thin 
coal seams with beds of sandstone, limestone, and shale. Aa 
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all the beds are parallel to each other, it is obvious that 
only the uppermost one would have been known to us had 
the original surface of tiie ground been preserved. '6y sub- 
sequent denudation, however, a deep vallejj has been fur- 
rowed out of the mass, the effect of which is seen by 
removiog the upper part of the model ; the lower rocks 
coming to the surface in the cliffs on either side are exposed 
in long sinuous lines, called outcrops or basset edges, which, 
when undisturbed by dislocations, form V-shaped curves, 
pointing up or down the valley, according to variations in 
the inclination of the rocks on the bottom of the valley, as 
shown in Nos. VIII. and IX. 

A. II. Model of Coal Strata near Newcastle-on-Tyne. 

Scale, 5 chains or 110 yards to an inch. 

The undulating surface shows the basset or cropping out 
of an upper seam of coal, completely circumscribed by denu- 
dation. 

The successive beds of coal are represented by laminae of 
ebony, as follows ; — 


Names of Seams in descending order. 


Depth 

from 

Surface. I 

Thickness 

of 

Seam. 

1. Monkton and Hebburn Fell 

seam 


Yards, 

40 

1 ft, in, 

2 10 

2. Three-quarter coal - ^ 

- 

- 

204 

1 1 2 

3, High-maiii coal 

- 

- 

264 

6 0 

4. Metal-coal seam 

- 

- 

278 

3 0 

5. Stone-coal scam 

- 

- 

292 

0 8 

6. Yard -coal seam 

• 

- 

312 

3 0 

7. Bensbam scam - 

- 

- 

336 

4 8 

8. Six-quarter coal 

- 

- 

366 

! 2 6 

9. Five-quarter coal 

- 

- 

374 

, 2 8 

10. Low-main coal - 

- 

- 

386 

1 6 0 

11. Crow coal 

- 

- 

406 

; 0 10 

12. Ryton five-quarter coal 

- 

- 

425 

0 5 

13. Ryton Ruler coal 

- 

- 

433 

0 8 

14. Beaumont seam 

( 

- 

470 

3 5 


Making a total thickness of 37 feet 10 inches of coal 
interspersed through l,4!J.O feet of other measures. 

The model is divided into two parts at the level of the 
Bensham seam, the depth of which at Walls -end is about 
870 feet, and upon it are shown the workings of a colliery 
*on the pillar and stall system. 
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A. III. Model showino the Dislocation of Caeboni- 
FEHouB Limestone. 

This model iq in four parts, which may be separated, and 
thus exliibit, 1st, the original position of stra^ ; 2nd, the 
shifting and vertical displacement ; 3rd, the appearance of 
the surface after the inequalities are removed. The line of 
displacement illustrates the nature of mineral veins, which 
are fissures in the strata, attended with more or less vertical 
movement of adjacent rocks. 

• 

A. IV. Model co show the fallacious Appearances 

CAUSED BY SUCCESSIVE DISLOCATION. 

Representing a part of the mountain limestone strata, with 
three thin seams of coal, which, by successive faults or dislo- 
cations, throwing them down in a direction contrary to their 
dip, are made to basset or crop several times on the surface, 
the three beds having ten outcrops, and thus, on a cursory 
view, a fallacious idea of the strata beneath may be formed, 
for though several beds of coal appear at the surface, there is 
no considerable 'quantity beneath. An excellent illustration 
of these faults is given in Mr. Bilddle’s Section of Jarrow 
Colliery, inserted in De la Beche’s “ Sections of views illus- 
trative of Geological Phenomena,’^ plate 7. 

The same kind of repetition of beds at lower levels by 
down-throw faults is often well seen in the oolitic valleys of 
Gloucestei sliire and Oxfordshire.^ 

A. V. Model showing Dislocations of Coal Strata. 

Tills is similar in principle to No. IV., being a piece of 
ground in which the rock is separated by parallel faults ; 
all the coals are, however, deep, and do not come to an 
outcrop, owing to the line of erosion of the valley being 
parallel to the strike of the beds ; the lines of outcrop of 
the rocks are straight ; but the effect of the faults is to bring 
the highest dark-coloured bed of sandstone to the surface of 
the ground three times on the same side of the valley. The 
rocks in the bottom of the vJlley form a wedge shape mass, 
let down by what is known as a trough fault, that is, it is 
bordered by dislocating planes wlijch incline towards each 
. other. In all these cases it will be seen that the rocks are 
thrown down on that side of the dislocating plane that 
makes the greatest angle with the horizon, illustrating a 
rule that is generally but not invariably true. 
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A. TI. Modiel SBowmo thb ImnsasscTioM or MmsBAii 

Veins. 

€ 

In this model the surface of a dislocated seam of coal is 
shown as it would appear if the superincumhent strata were 
to be removed. The vein represented by white wood, fol- 
lowing a direction from W. of S. to N. of E., is the firafr 
formed vein ; it hades or inclines with the bottom to the 
east, and the strata on the east side are thrown down 40 
feet. Subsequently a second vein, crossing the first one 
obliquely, has been formed and a further dislocation ensued, 
by which the rocks on the east side, of the newly-formed 
vein have been thrown up 70 feet ; and hence the seam of 
coal, which was originally a regular plane, like that shown 
in Model No. 2, is separated into four parts, and taking the 
highest portion marked A, for a datum, one part B, is 40 
feet, another C, 70 feet, and another D, 1 1 0 feet below it. 

A. VII. Model to illustrate the Phenomena of 
Mineral Veins. 

This Is the same as the preceding model No. VI., brought 
to a natural surface by denudation, the top coal 1ms been 
entirely removed in the# sections A. and D., and is now 
represented l)y the triangular patclies in the parts marked 
B. and C. 


A. VIII. Model of Overcut Strata, 

If the strata had remained in the nearly horizontal posi- 
tion in which they were deposited, any subsequent grinding 
away of the surface of any stratum would have worn off the 
upper portion, and denuded first the upper, then the lower 
strata, which may in such case be said to be overcut, as 
shown in this model. In every case where the strata are 
overcut, they form a V-like shape, pointing up the valley ; 
the highest rocks appear to he the highest, and the seams of 
coal are to be worked above the place where they basset or 
crop out. 


A. IX. Model of Undercut Strata. 

It frequently happens that the strata are inclined at a 
steeper angle with the horizon than the surface of the 
country, in which case tney may be said to have been under- 
cut by the process of denudation, as shown by this model 
The V-like form of the strata^now points down instead of 
up the valley, as in the model No. VIII. The highest rocks 



appear the l&mii, anfl coal Is to be worked Mow wLexe 
it crops out. I^ese terms of overettf and tmderewt applj^ 
to plape Burfiu^ as well as to valleys ; but steeply undu« 
lating surfaces have been selected, as affording the niost 
striking illustration of these features, which are of general 
practical use in the observation of a mineral district. 

• 

A. X. Model showing Denuded Basset op Inclined 

Stbata. 

The models hitherto explained have been either cases of 
horizontal strata or of strata inclined in the same direction 
as that of the surfacS. In this model the strata are inclined 
in the opposite Erection to the descent of the valley, and in 
every such case- they are undercut — hence the V-like form 
ten(& upwards. The four models, Nos. I., VIII., IX, and 
X form an epitome of the conditions under which stratified 
rocks are exposed by denudation when not disturbed by 
faults, and of the characteristic marks by which their rela- 
tive inclination, as regards the surface, may be ascertained. 

A. XI. Model to illustrate the Vertical Intebsection 
OF Mineral ^Veins. 

The strata represented in this model are dislocated by 
four mineral veins, and the plane surfaces of the model 
afford a clear view of the geometrical relations of the several 
rocks. Two sides show the original horizontal deposition, 
the other two sides the subsec|uent disturbance or disloca- 
tions ; on one of these may be observed the intersectio^i of 
two veins on a vertical section ; by removing the upper 
part of the model the same intersection is shown on the 
oblique plane^ and again a horizontal surface on the base of 
the model, as it would be represented by the ordinary 
ground plan of a mine. 

The four faults or veins are of two different ages ; two 
of them, those in white wood, incline and throw down the 
rocks to the westward ; the other two, in dark wood, dip 
to the east, throwing down the rocks on the same side, and 
are of newer date. The centre of the grotmd is affected by 
one of the latter series crossing the plane of one of the 
faults. 

A XII. Model showing Denudation op Mineral Veins. 

This is the same piece of aground as No. XI., the fisuUs 
and lower beds being exposed by denudation. 
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No. A. 18. — ^Mobbl of Ebbw Vmik’anb Sirhowt Irok 
Works, in the County of Mqnmouth. 

Scale, -jtVw > or 1 inch to 6 chains. 

This model is by Mr. Sopwith ; it comprises nearly four 
square miles of groimd. The upper surface being taken off^ 
the Hack-pins mine, a bed of ironstone, with the workings • 
in it, appear. Below this the three-quaiier coal, Modelhvg, 
or Bydylog coal, and red vein mine are exhibited by re- 
moving successive trays which represent the intervening 
strata. The outcrop of the strata forming a circuitous 
bend round the hill, and the V-like fojms pointing down 
the valley, aie worthy of observation, and» the favourable 
position of these vast and rich deposits of coal and iron- 
stone may be readily understood by inspection. The ground 
over which the coal has been worked out is coloured bright 
red ; the lines of the surface boundaries and enclosures are 
projected on the surface of each seam. 

* No. A. 1 4 . — Model of the Forest of Dean, in the 
County of Gloucester. 

Scale or 1 inch to 8 chains 176 yards. 

This model was constructed by Mr. Marcus W. T. Scott, 
some twenty to thirty years ago, on a principle laid down 
by Mr. Thomas Sopwith. It represents a tract of country 
comprising the principal coal field of tlie Dean Forest, 
the superficial area being 24 square miles. Various colours 
represent planted enclosures belonging to tlie Crown, roads, 
reservoirs, &c. Railways arti shown by black lines, streams 
of water by blue lines, and buildings by a bright red colour. 
The outcrops or basseting of the principal beds of coal ai’e 
shown on the surface, and vertical sections of the strata are 
painted on the sides of the model. These comprise the coal 
measures or strata, the seams of coal being represented by 
black lines ; below these are tlie strata of the carboniferous 
or mountain limestone, resting on the old red sandstone 
forming the base of the model, and is at least from 6,000 
to 8,000 feet in thickness. In order to show similar ver- 
tical sections in the interior of the Forest, the model is 
made in compartments, placed pn a sliding table, so us to 
be easily separated. 

The upper surface of the model, or face of the country, 
is made to lift off, in ord^ to show the position and extent 
of the Park End or Lowery vein of coal This may again 
be lifted to show the workings in the Ckurchway High 
Delf, and by a third removal a view is obtained of the 
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Coleford High Del/ vein. (Thos. Sopwiih, F.B.S.> G.S., on 
Mining, Record Office.) Ground worked out is coloiu^ 
red ftn the surface of the coal seams ; old workings firom 
the outcrop now filled with water, blue or purple. Three 
contour lines are traced on each seam ; the first, coloured 
yellow, is the level of free drainage, the other two are the 
* levels of 100 and 200 yards below it 

No. A. lo. — Model of Part of the Lead Mining District 
OF Alston Moor, in the County of Cumberland. 

Scale* or I inch to 66 feet. 

The manor of Alston Moor, belonging to the Commis- 
sioners of Greenwich Hospital, was surveyed upwards of 
200 years since, and its mines were reported to be nearly 
exhausted. In 1821 it was stated by the Secretary of 
Greenwich Hospital to be ** the most valuable and interest- 
ing part of the landed property of Greenwich Hospital,” the 
mines then yielding an annual produce of 100,000i., nearly 
one-fifth of w'hich was received as rent or royalty from the 
mines. 

The produce of the mines of Cumberland, which are 
mainly comprehended in the important district of Alston 
Moor, belonging to Greenwich Hospital, was, in 1863, as 
follows : — 

Lead ore. Lead. Silver. 

Ton*, curt. Tons. curt. Ozs. 

6,690 18 4.949 4 41,304 

This model, which was constructed by M%T. Sopwith, 
represents part of the mining district adjoining the river 
Nent. It exhibits the thickness and inclination of the 
strata of limestones, hazels (or sandstones), and argillaceous 
beds. In the front of the model is shown the celebrated 
Nent-force Level.” This work was projected in 1775, by 
Smeaton, and being judiciously carri^ out, it has been of 
the greatest advantage to the district. “ Nentsberry engine 
shaft, represented on the model, is sunk down to Nent- 
** force Level, 3^ miles from the entrance. The whole of 
** this distance, which waS then navigable in boats, was 
“ surveyed by the author in 1826 ; it has since been con- 
tinued, as i^own in the model, pn the top of the sfratum 
of limestone called the S€a7^ limeatones The usual mode 
of entrance ta the lead mines of Alston is by means of 
adits or water levels, made sufficiently large for a horse 
** to ti*avel in. The entrance or level mouth of Nentsbeny 
10434. B 
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greens mine is shown on the model, and the several riaee 
by which aooess is gained to the veins of ore in the areat 
** limeetone!* — {SopwUh.) 

The mineral veins are seen on the sides of this model 
descending in nearly a vertical direction through the various 
laminm. It will observed that those layers are not 
opposite each other, on either side of the vein. The cause 
producing the^s^itrc in which the mineral matter has been 
deposited has occasioned the subsidence of all the strata on 
one side of the lode. Hence the mineral vein may have 
limestone on one side and sandstone on the other, or sand- 
stone and clay may be opposite. It ha& been observed that 
the metalliferous character of the vein is in a great measure 
dependent upon the arrangement of the strata on either side 
of the lode. In this district the lead is usually found in 
the limestone, and when limestone forms both cheeks or 
sides of the vein it is generally there the most productive. 

Old Carr's cross vein in the model has, to use the miners 
phrase, thrown down the strata 25 fatlioms, whereas at 
Wellgill cross vein the amount of vertical disturbance is 
only 3 fathoms. The ffreat limestone is fathoms thick, 
consequently it follows that the last-named vein has lime- 
stone sides for 6^ fathoms*(39 feet). (Much of the informa- 
tion connected with this and some other of the models has 
been derived from an A ccouvt of the Mnsenm of Economic 
Geology and Mining Records Office f by T. Sopwitb, 
F.G.S., published in 1843.) An isometric plan of Nents- 
beny and a section of anoljier portion of the lead mining 
district of Northern England, Allenhe.ids, the property of 
WentwortlmBlackett Beaumont, Escp, M.P., hangs in the 
Mining Record Office, The produce of Allendale, East 
and West, and Weardale in 1863 was — 

Lead ore. Lead. Silver. 

10,728 tons. 8,482 tons. 44,013 ounces. 

No. A. 16. — Models illustrating the Coal Forsiations. 

This model is intended to represent the physical appear- 
ances and the geological condifions of a coal district. The 
beds of coal are shown as they croj) out to the surface on 
the sides of the hills. An examination of the conditions 
will prove that the coal has been formed, as is now univer- 
sally admitted, from vegetable matter, at different periods, 
and after the deposition of the carbonaceous mass the bed 
has been covered up with sand or mud to a certain thick- 



Hess, upon which again a similar process of growth imd 
dec^ has gone on ; this has again been submerged and 
burled in the detrit^ matter from the neighbouring hills. 

“ In the section of the British coal measures between the 
Avon and Cromhale Heath, there were no less than fifty 
periods during which the conditions for soils obtained, and 
roots were freely developed in them, these soils 

topped by a growth and accumulation of plants, apparently 
requiring contact with the atmosphere for their existence. 
The general thickness of that series is about 5,000 feet, 
and it is based upon an accumulation, chiefly sandy, about 
1,200 feet thick. •The Qlaniorganshire coal field gives a 
still greater deposit to mud, silt, sand, and gravel, inter- 
mingled with soils, in which roote of some at least of the 
plants of the time spread out freely, most frequently, though 
not always, covered by beds or seams of coal, the thickness 
of which necessarily depended upon the duration of the 
conditions needful for the growth and accumulation of their 
component plants. 

The mass of these various beds in the neighbourhood 
of Swansea may be estimated at about 11,000 feet; so that 
if accumulated by subsidence, horizontal beds piled on each 
other, it would have to be infewed that in this part of the 
earth s surface, and at that geological time, there had been 
a somewhat tranquil descent of mineral deposits, sometimes 
capable of supporting the growth of plants requiring con- 
tact with the atmosphere, but most commonly l>eneath water, 
for a depth by which the first -formed deposits became 
lowered more than two miles from their original position.'* 
— {The Geological OheeweVy hy Sir Henry de Beche.) 

The Horizontal and VeHical Sections of the coal mea- 
sure districts will show at once the manner in which the 
beds of coal and ironstone, with the sandstones and shales, 
are found lying one above another. 

The want of uniform horizontal direction in the beds of 
coal and ironstone will be noticed ; some parts of the same 
set of beds being seen upon the higher and on the lower 
levels. This arises from disturbances which have taken 
place subse(]uently to the deposition of the coal beds, by 
which large tracts of countfy have been moved. The eflfeots 
of these movements will be visible in faults^ troubles^ dykes, 
throws, or heaves (as in different localities tliey are named). 
These are represented on the Geological Map by white 
lines, and it will be seen in i^ferenee-4e- it tliat aU-ttieee 
lines have a considerable degree of uniformity in their main 
direction, showing that they have their origin in the same 

B 2 



12 


general disturbanoe. Hie conditions shown in this modeli 
which is a representation of the existing natural appear- 
ance, will be understood by supposing a subsidence^ of a 
few square miles of country, leaving the surrounding por- 
tions in their original position, or nearly so. This would, 
of course, produce abrupt precipices on all sides, and sections , 
of the strata would be apparent After this, the action of 
floods would wear down the elevations, and eventually 
rounded hills would be left rising fi-om the valleys, which 
had been filled in with their debris. The surface soil being 
removed, the outa^ops of the beds of coal would be seen at 
different elevations, as shown in the* model. Coals are 
sometimes worked at the but, as from the atmo- 

spheric influences to which they are exposed, these portions 
are considerably altered, and of inferior quality, containing 
an undue quantity of ash-giving matter, and are only suited 
for brick making, lime burning, &c. In order to determine 
the quality of the coal, it is therefore necessary to commence 
workings at some distance from the sui*face.* 

No. A 17. — Model of the Pass of Mont Cenis. 

Scale, -nrrtnri 1 ^ 

This model represents about 20 square miles of tlie 
country adjacent to the summit level of the pass on the 
main road from France to Turin. The surface is covered 
with circuitous lines drawn at equi -distant vertical inter- 
vals of 50 metres (about 162J feet), the alternate on?3 
representing complete hundreds, being drawn in strong 
lines ; all the heights are referred to the sea leveL The 
Hospice near the lake marks the summit level of the road, 
at a height of about 6,400 feet above the sea level. The 
road descends on the noithern side about 3,000 feet in six 
miles, the greater portion of this being effected by a series 
of zigzags near the edge of the printed map attached to 
the model. 

The railway tunnel on the Susa and Chamberi railway, 
now in course of construction,^ is about 1 2^ miles further 
west ; the height of the southern end is about 4,500 feet 
above the sea level. It is about 8 miles long, and crosses 
the moimtains in a nearly due north and south line. 


* The notices of the models Nos. A. 1 — 16 , are taken with very little 
alteration from Idr. Hunt’s descriptiTe guide. 
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No, A. 18.— -Model of the Alps and Plains op LombaedTj 
BT Mb. Brunner. 

Presented by the late Dr. Fitton, F.RS. 

Scale, Tiwinri or nearly 1 inch to 8 miles. 

This model is based upon Jomini’s map illustrating the 
wars of Napoleon, and includes a large portion of Switzer- 
land and Italy, with p^ of Baden, Wutemberg, Bavaria, 
Tyrol, and Salzburg, ^e towns nearest to the corners are, 
on the N. W., Dole and Besan^on ; on the N.E., Traunstein, 
near Salzburg ; on t^e S.E., Venice, and on the S. W., Antibes 
and Nice, with •the Italian penini^a down to Spezzia on 
the West side and Ravenna on the East The mountains in- 
clude the Alps, from the sea nearly up to the end of the 
Rhetian chain, tlie whole range of the Jura, and part of the 
Appenines. The rivers include the whole drainage area of 
the Po, and parts of those of the Rhine, Rhone, Saone, and 
Danube. 

No. A 1.9. — Model of the Landslip on the Auchengray 
Peat Moss, by Mr. Thomas Gibb.* 

Scale for horizontal distances, I to 100 feet. 

„ vertical „ 1 inch to 20 feet. 

The model represents an area of about 70 acres of a 

peat moss, situate near Slamannan, on the boundary of 
Lanarkshire and Stirlingshire, which was moved by land- 
slips on the 12th and 13th of August 1861. The moss is 
about 27 feet deep, and is composed of brown fibrous peat 
at the top, passing into a black pulpy moss without visible 
fibres at a depth of 12 feet below the surface; the sub- 
stratum is formed of stiff blue boulder clay. At the point 
marked A. was situated a blind loch or overgrown pool, in 
which water accumulated and made its way beneath the 
surface to the lower ground, reducing the under peat to a 
fluid state, which acting by hydrostatic pressure burst 
up the surface at the lower end near the road B. and 
flowed downwards until it abutted on the rising ground 
and plantation at C., which forming a dam retained the 
mass of peat and water until a sufficient quantity had 
accumulated to overcome the rqpistance ofiered by tbe 
plantation, when it rushed in a torrent through the course 
of the burn D., overflowing the Limerig colliery railway. 


* See a more detailed notice in the Proceedings of the Philoeophical Soeietj 
of Glasgow, Yol. Y. p. 160. 
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aad followed the ordinary drainage channels of the country 
until it reached the River Avon at Slamannan. A deposit 
of peat of about 2 feet in thickness, with occasional masses 
of turf 4 or 5 feet in thickness was left by the torrent 
over considerable breadths of the courses of the bums. 
The surface around the blind loch A. fell to a depth of 
27 feet, and the water draining from the higher end of the 
moor has cut a new channel through the bottom of the 
gully so formed, into the bum at D., the underlying boulder 
clay being exposed in the lower part of its course. 

A section across the dotted line a, h, is attached to the 
northern face of the model. It shows tlie parallel fissures 
produced in the broken surface of the moss, the vertical 
heights being, as in the model, increased five times as 
compared with the horizontal scale. 


No. A. 20. — Model of the Volcanos of Auvergne, pre- 
sented BY G. POULETT SCROPE ESQ., M.P., F.RS. 

f about 3 inches to 1 mile horizontal. 

^ \ tttd-uo, 1 5nch to 833*3 feet vertical. 

( 

This model represents the chain of Puys or volcanic 
cones in Auvergne, which rise from a plateau of granite 
that separates the Valley of the Allier on the east from 
that of the Sioule on the west. The extent of surface 
covered b}- the cones of scoriae, pumice, and other loose 
materials is shown by spectal colouring, as are also the 
lavas both basaltic and trachytic of modern date, as well as 
the older one which flowed from the same lieights, and from 
the higbei* centre of Mont Dore. 

The position of the older lava flows, now forming isolated 
terraces elevated from 100 to 1,000 feet above the adjoining 
valleys, shows in a striking manner the large amount of 
erosion that has taken place since the commencement of 
the volcanic activity in the Miocene period, such erosion 
having been entirely produced by the action of rain and 
running water. 

The ground coloured light pink on the eastern side of 
the model represents the ground occupied by the Miocene 
fresh water formation. This, together with the alluvium 
coloured light blue, makes up the fertile plain known as 
the Limagne of Auvergne, and marks an area that formed 
a great lake during the older Tertiary period. 

The index numbers attached to different points of the 
model refers to the corresponding numbers on a series of 
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iilurtrative rock specimens, presented by Mr. 0. Le Nere 
Fosijer, which are placed in the drawers below. Those brought 
from the eastern side of the Puy de Dome^ and the Limagne 
are in the drawer at the N.£. corner. The specimens for* 
merly among the volcanic collection in the top gallery, 
noticed at p. 219 of tlie Rock Catalogue, are incorporate 
with them. The opposite or S.W. corner drawer contains 
specimens brought from the district of Mont Dore les Bains, 
which is beyond the limits of tlie model 

No. A. 21. — Modei? of the Isle of Arran, by Professor 
A. C. Ramsay, F.R.S..* 

Scale, or 2 inches to 1 mile. 

The vertical lieights in this model are somewhat exag- 
gerated. The best idea of the form of the more mountainous 
part may be obtained by bringing the eye to the level of 
the model at the S.E. corner. Tliese mountains consist of 
granite, forming a circular mass at the north end of the 
island, about 8 miles wide in all directions. The highest 
point (Goatfell) is 2,959 feet above the level of the sea, and 
rising directly from the shore ft looks even higher. This 
mass is surrounded by clay slate, chlorite slate, gneissic and 
other metamorphic rocks, and it is possible that the granite 
itself may only be the result of extreme metamorphic 
action. In turn the gneissic rocks are overlaid by the Old 
red sandstone, on the east ^t Glen Sannox, and on the 
south between Brodick and the west coast north of JVIau- 
chrie Water. It is in great part conglomeratic, and 
pebbles of the underlying metamorphic rocks are contained 
in it, showing that they were altered before the deposition 
of the Old red sandstone. 

The coal measures (lower coal measures) rest on the Old 
red sandstone at Brodick bay, and south of Glen Sannox, 
but between these points they rest, first on the slaty rocks, 
and then on the granite, showing that they lie on the oldei* 
strata unconformably. They are also found about 8 miles 
off the N.E. coast of the island, lying on metamorphic slaty 
rocks. The limestones, Which are interstratified with the 
sandstones and shales, contain the usual carboniferous 
fossils. Coal measure plants ar# found in the sandstones 
and shales, and thin beds of coal occur near the salt pans. 
On the S.W., coal measures also appear in the valleys 


* Commanicated by Professor Ramsay. 
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wliere the trap rocks have been removed by denudation. 
The rooks coloured New red sandstone, according ti^the 
ori^al classification of Sedwick and Murcliison, are now 
believed to belong to an upper part of the coal measures. 
The major portion of the south part of the island consists 
of felspathic traps and greenstones, which have broken 
through the stratified rocks indiscriminately and over- 
flowed them, so that in general it is only in the valleys 
that the underlying strata of coal measures, &c., have been 
exposed by denudation. 

No. A. 22. — Model of Landslip *at .Axmoxjth. 

Scale, tttt> or 1 inch to 132 feet 

At Christmas 1839 this great landslip took place. The 
model represents a mile and a quarter of the countiy 
over which the subsidence took place. The length of the 
great chasm caused by this subsidence was 1,000 yards, 
the breadth 300 yards, and the depth varied from 130 feet 
to 210 feet. Twenty-two acres were sunk in the chasm. 
The Rev. W. D. Conybeare thus describes the pheno- 
menon : — , 

On the morning of Tuesday the 24th, about three 
o’clock a.m., the family of Mr. Chappie, who occupied tbe 
fiairm of Dowlands, about half a mile from the commence- 
ment of the disturbances which ensued, was alarmed by a 
violent crashing noise ; but nothing farther was observed 
through that day, On the tblJowing night, however, about 
tbe same hour, some labourers of Mr. Capple, the tenants 
of cottages built among the ruins of the adjoining undercliff, 
hurried to the farm with the information that inures w^ere 
opening in the ground around, and the walls of their tene- 
ments rending and sinking. Through the course of tbe day 
following (Christmas) a great subsidence took place through 
the fields ranging above Bendon Undercliff, forming a deep 
chasm or rather ravine, extending nearly three-quarters of a 
mile^in length, with a depth of from 100 to l/)0 feet, and a 
breadth excee^ng 80 yards. Between this and the former 
face of the undercliff extends a^long strip exhibiting frag- 
ments of turnip fields, and separated from the tract to 
which they once belonged by the deep intervening gulf, of 
which the bottom is constituted by fragments of the ori- 
ginal surface, thrown together in the wildest confusion of 
inclined terraces and columnar masses, intersected by deep 
fissures, so as to render tbe ground nearly impassable* 
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The insulated strip of fields also which has been mentioned 
is greatly rent and shattered. The whole of the tract which 
has been subjected to these violent disturbances must be 
estimated on the most moderate computation, as exceeding 
three-quarters of a mile in length by 400 feet.” 

The tract of downs ranging along the coast is here capped 
by a stratum of chalk ; this rests on a series of beds of con- 
solidated sandstone, alternating with seams of that variety 
of flints, called chert ; beneath these more than 100 feet of 
loose sand, locally (from an obvious etymology) termed fox 
movld, belonging to the upper green sand formation. This 
bed was the princi^l cause of the disturbance. It imbibes 
all the moisture falhng on the surface, and as it rests upon re- 
tentive beds of clay, the lias clay, this water softens and wears 
away the fox mould so as to render it incapable of support- 
ing the weight of the superincumbent mass. The support 
being withdrawn, or proving insufficient, it is easy to con- 
ceive that cracks would from time to time be formed, and 
the undermined portions of the superstrata precipitated into 
the hollows prepared beneath them. (See Extraordiyiary 
Landslip and great Convulsion of the Coast of Culverkole 
Point, near Aocmouth, By the Rev. W. D. Conybeare. 
The Edinburgh New Philosophical Journal, 1840.)* 

No. A. 23-24. — Geological Models of the Isle of Wight. 

Presented by Captain L. L. B. Ibbetson, F.R.S. 

Scale, TfVo, or 36^inches to 1 mile. 

No. A. 23. represents the eastern edge of the chalk ridge 
traversing the Isle of Wight, showing the succession of the 
rocks from the lower green sand on the south to the Hamp- 
stead beds on the north. The chalk and part of the tertiary 
beds are nearly vertical, as shown by the lines of the flints^ 
the upper part of the tertiary rocks is nearly horizontal. 

No. A. 24. represents the high ground at the south-eastern 
end of the island, formed of nearly horizontal cretaceous 
rocks, the chalk forming the high ground of Shanklin over 
Boniface downs and the lower green sand forming the coast 
line ; the slipped and tumjpled cliff of the upper green sand 
forming the well known undercliff, which extends for about 
six miles to the westward of the ground shown in this model 

These models are more particularly described in Bristow s 
Memoir on the Geology of the Isle of Wight, p. xi. 


* Notice takea from Mr. Hunt’s guide. 
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MINING TOOLS. 

The following list includes the leading dimensions* and 
weights of the mining tools exhibited in the wall cases in 
room A. : — 

The whole of the dimensions are given in inches and 
tenths, to the nearest tenth. 

The weights are those of the tools mounted for use, except 
where otherwise stated. 



Cornish Mining Tools. 


No. B. 1-3. 

Gads. 

• 


Length. 

Breadth. 

Thickness. 

Weight. 

«/ 

// tt 

// 

oz. 

B. 1. 5*0 . 

0*8 at end 

- 0*5 - 

- 8* 

„ 2. 6*0 - 

0*9 tapered to 0*8 

- 0*6 - 

- 10 

„ 3. 5*5 - 

No. B. 4-1 1. 

1 *0 tapered to 0*9 

- 0*6 - 

. 11 


Eight gadB arranged in a star. They are made with a central swell in 
breadth, but taper uniformly in thickness from poll to point 


No. B. 12. 

Lemrth. 


Pick. 

Width. Thickness (depth). 


12*5 pick end. 3* 1 over eye. 

3*0 poll end - - l*2poUend - - 1*2 poll end - 

2 • 2 eye - - 1 * 1 pick end - - 1*1 pick end - 

26*0 handle. 

For hard ground, point set at 85° to handle, poll end eight sided. 


Weight, 
lb. oz. 


:} 


4 8 


No. B. 13. 


Pick. 


17*5 pick end - -1*0 over eye - 

3*0 poll end - - 0*8 poll end - 

2*1 eye - - 0*8 pick end. 

26*5 handle. 

For use in soft ground, set of handle 83°. 


0*8 poll end - 
0 * 9 pick end - 


:} 


2 10 


No. B. 14. Single Hand Boring Hammer. 

Length. Breadth. Thickness. Weight. 


" " '' lb. oz. 

4*0 head - - 2*3 over eye - - 1*4 greatest - - 2 14 

1*9 eye - - - 1*3 face. 

9*5 handle. 

Bectangnlar at the central section, tapered arms, with edges herelled, and 
circular striking fkces. , 


No. B. 15. Double Hand Boring Hammer or Mallet. 


Length. Breadth. Thickness. Weight. 

~ ~ ~ IbTof. 

4*4 head - - 3*0 over eye. 

2*2 eye- - - 1 *6 clear of striker face - 1*9 greatest - 6 4 

24 * 0 handle. 

Similar in form to preceding. 



Ko. B. 16. Stoke TOoliko Hammer. 

Len^b. Breadtli. Thieknets* Weigbi 

~ ~ iCoz. 


6*0 h^d - - 1*2 over eye - - 1*2 greatest - - 5 2 

1 * 2 eyfc. 

23*4 handle. 

Square section straight arms, each fkce carries 81 blunt pyramidal points. 


No. B. 17. 


Picker or Peeker. 


27*5 total - - 0*9 haft - - - 0*5 blade at top - 3 14 

14*0 haft - - 1 • 0 top of blade - 0*3 cutting face. 

11*5 blade - -0*8 top of point. 

2 • 0 point. 

Haft of round iron, blgde, rectangular, or slightly tapered with chisel-fisced 
point, used in the St Just district for working in jointy ground. 

No. B. 18. Picker. 


29*0 total - - 0*9 haft. 

14*0 haft - - 1 • 0 top of blade - 0*5 blade at top -40 

13*5 blade - - 0*8 top of point. 

1 * 5 point. 

Same form as preceding, except that the blade is worked to a point 
No. B. 19. Poker. 


25*0 total - - 0*9 haft - - 0*6 blade greatest - 4 3 

22*5 haft - - 0*9 base of point. 

2*5 point 

Strong stout form with curved sided point used in St. Just district for 
working in jointy ground. ^ 


Borers. 

No. B. 20. 

Length. Breadth Thickness. 

// n // 

33*5 total - - 1 * 3 cutting face - 0*9 

1 * 2 tapered part. ^ 

Irregularly eight-sided, drawn from a square bar. 

No. B. 21. 


Weight. 

lb. oz. 
- 5 15 


23*2 total - - 1 * 4 cutting face -0*9 - - - 44 

1 • 5 tapered part. 

Similar form, drawn in on striker face to 0"*7 

No. B. 22. 


27*8 total - - 1*25 catting Ace - 0*9 - - - 4 14 

1*8 tapered part 
Made from a round bar. 

The cutting edges of these borers are formed by the 
junction of two planes at an angle of 90®. 


No. B. 23. 

Length. 


Scraper. 

niam. 


Weight. 


n 

30*5 total 
24*0 shaft 
6*3 scoop 


• ** lb. oz. 

shaft 0*4 - - - 1 6 

scoop 0*3. 
scraper 1*0. 


A thin rod of iron with a round.disc turned at right angles at one end, used 
in cleaning out the bore hole ; the other end is provided with a aemiciFettlar 
scoop for carrying powder to the bottom of the hole. 



so 


No. B. 24. 


Clatxho Bah. 


Iieneth. Breadth. Thioknev. 

~ '' " IbToE. 

29*0 total • - 2*8 over eye- - 1 * 3 clear, top of abaft - 8 7 

S4*0 abaft - - 1*0 poll end- - 0*8 „ end of abaft. 

5*0 poll. 

1 * 8 diam. of eye. 

Bar with a round tapered abaft ending in a atout hammer head, through which 
passes a socket hole for the turning bar. It ia used for lining bore h^es with 
clay in fissured or wet ground. 


No. B. 25. 

Length. 

// 

24*8 total 
2S*08liaft 


Shooting Needle. 

Breadth. Thickness. Weight. 

~ ~ IbTo*. 

- 2*3 over eye - - 0*33 shaft greatest - 0 11 

• - ... 0*3 eye plate. 


No. B. 26 . Shooting Needle. 

44*0 total • - 2*3 over eye - • 0*45 shaft greatest - 1 5 

4l*0 6luift 0*3 eye plate. 

These needles are made of copper, the handle is formed by a ring of rect- 
angular section. The first is for single hand, the other is for double hand bore 
holes. 

No. B. 27. Tamp/ng Iron. 

Length. Weight. 

" lb. or. 

Tamping iron - - 23*2 total - - 3 2 

Round bar of iron used for driving in the tamping, tapered from 0^'*8 at the 
top to 0^* 9 at the lower end. 


Tools used for Dressing Ores. 

No. B. 28. 

Ellipsoidal hammer, used occasionally for geological 
purposes. The origin and use of this tool is not known. 

No. B. 29.— Bucking Iron. 

An oblong rectangular plate of iron, 5"’l 5 long by 3"'9 
broad, and 0"-8 thick; the handle 15"-4 long, is attached 
by a stirrup or eye, 3"’2 high by 1"'0 in width ; the 
striking face is flat. Weight, 6 lbs. 2 oz. 

No. B. 30. — Bucking Iron. 

< 

A similar tool to No. B. 29. The striking plate measures 
4 '•9 long, 4"*1 broad, and 0"’7 thick ; the stirrup is of the 
same dimensions as tiiat in No. 29 ; the handle long. 
Weight, 6 Ihs. 
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No. B. 31.— Bucking Ikon. 

T&e striking plate is nearly square, measuring 3"’6 in 
length and 3'°4 in breadth; it is, however, tapered in 
thickness from 0"'5 at the centre to 0*25 at the corner. 

No. B. 32.— Cobbing Hammeb. 

A hammer with arms curving upwards from the centre. 
Head 13"-1 long, with elliptical eye or socket 1"-1 long; 
the breadth across the eye is ; the striking faces are 
rectangular, 1"‘7 deep by 0"’6 broad ; the depth at the 
centre is 1"‘3. *The arms taper in breadth from 0"'8 at the 
centre to 0"‘6 at the faces. Handle, 9" 0 long. Weight, 
41b. 11 oz. 


No. B. 33. — Cobbing Hammer. 

A similar tool to No. 32. Length of the head 9"'4, of the 
eye 1"‘0, of the handle 7 "’ 3 , breadth over the eye 1" G, 
striking faces 1"‘7 deep, 18" broad. The arms are more 
strongly curved than those of No. B. 32, the depth of the 
curve at the centre being 0"'7. JThe arms are of the same 
breadth throughout. Weight, 3 lb. 8 oz. 

No. B. 34. — Cobbing Hammer. 

This tool is smaller than the preceding ones, and the 
arms are less curved. Length j>f the liead 8"1, handle 8"'5, 
eye 0"‘9, breadth across the eye 1"’5 ; the faces are 1"T 
deep and 0"-6 broad. The depth of the curve of the top 
surface is 0"-3. Weight, 2 lb. 4 oz. 

Tools from the Alport Mines, Lerbtshire. 

Presented by the late S. Barker, Esq. 

No. B. 35 . — Pick. 

A double -headed pick with short points, used in either 
rock or vein. Head, 15 ‘4 inches long. Handle, 29'0 inches 
long. Weight, 4 lbs. 6 oz. ^ 

No. B. 36. — Pick (Sutter). 

f 

A double-armed pick, one side worked up to a point, the 
other having an horizontal cutting edge 0 " 4 wide ; used for 
slitting out the vein. Head, 15*7 inches long. Halidle, 
29*0 inches long. Weight, 3 lbs. 1 0 oz. 



No. B. 87. — Poll Pick (Maunbbil). 

Single-armed pick with a short bluff point, used for bard 
veins and working into rock where the slitter is too slight. 
Head, 10*7 inches long. Handle, 28 inches long. Weight, 
4 lbs. 6 oz. 

No. B. 38. — Single Hand Boring Hammer. 

Head, 5 inches long. Handle, 15*2 inches. Weight, 
4 Iba 6 oz. 

No. B. 39. — Double Hand Boring Hammer. 

These hammers are square in the centre with tapered 
8-sided arms, the striking faces are cii cular. Head, G inches 
long. Handle, 26 * 7 inches. Weight, 8 lbs. 12 oz. 

Single Hand Borers, “Augur or Noger.'' 

Made of round cast steel, 0"*85 diameter, with strongly 
curved cutting edges ; the striking ends are drawn to a 
diameter of ()"-6. 


Length. 

// 


* 

n 

Weight. 

lb. oz. 

No. B. 40. 

18*5 total 

- 

- cutting face 

1*25 

- 2 U 

No. B. 41. 

25-0 „ 

No. B. 42. 

* 

>» 

1-2 

- 3 14 

31-2 „ 

- 

" »» 

1*1 

- 4 15 

No. B. 43. 

— UocBLE Hand Bober ok 

“ Noger.’’ 


Made of round cast steel, 1"*35 in diameter, drawn to 
1" 0 at the striking end ; total length, 42"*8 ; cutting face, 
2"*1 wide. Weight, 17 lbs. 10 oz. 

No. B. 44. — Scraper. 

For clearing the powdered material out of the bore hole. 
27 ’ 3 inches long, pointed at one end, with a circular scraper 
0"*84 broad at the other end. Weight, 12 oz. 

No. B. 45.— Pricker. 

t 

For keeping open a channel for the priming rush or straw 
through the tamping when filling up the hole, 27"'7 long, 
tapered to a point from a maximum thickness of 0'^‘4. 
Weight, 10 oz. 



No. B. 46. — ^Clating Ibon. 

U§ed for lining bore holes with clay when bored in 
porous or wet ground, 25 * inches total length, made up of 
a round shaft, 0 * 8 in diameter, with a broad poll pierced 
with a hole, 1"*2 in diameter, for inserting a key bar. 
Weight, 8 lbs. 8 oz. 

No. B. 47. — Ramming Bab. 

Used for ramming down the tamping or filling above 
the charge of powder ; the lower end is elliptical, 0 * 8 in 
greatest diameter, ♦with a small shallow groove in which 
the point of the pricker rests ; the striking end of the bar 
is G-sided. Total length, 21"-8. Weight, 2 lbs. 12 oz. 

Tools fbom Allenhead’s Lead Mines, Northumberland. 

No. B. 48 . — Gad. 

Made of 8-sided iron, the lower part near the point is of 
rectangular section, the breadth increasing towards the 
centre, the thickness diminishes uniformly from the point 
to the striking end. Length, 6"-7. Weight, 15 oz. 

No. B. 49.-*~Pick. 

A double straight-armed pick ; the arms are thickened in 
the middle, resembling two gads joined horizontally. 
Length of the head, 18''-9. Handle, 25"'0. Weight, 4 lbs. 
6 oz. 

No. B. 50. — Single Hand Boring Hammer. 

8-sided in section, the striking faces, also 8-sided, and 
flat. Length of head, 4" 0. Handle, 13" 6. Weight, 3 lbs. 
2 oz. 

No. B. 51. — Double Hand Boring Hammer. 

Resembles the preceding. Length of head, 5" 2. Handle, 
24"-2, Weight, 5 lbs. 5 oz. 


No. B. 52. — Borer. 

Made of cast steel, 8-sid<.^ in section, 0"*75 in diameter ; 
breadth of cutting edge, 1-0. Length, 29"*7. Weight, 
3 lbs. 15 oz. ^ 

No. B. 53.— Scraper 

Shaft, 26'' 0 long, has a circular scraper at each end, set 
at 135° to its length. Weight, G oz. 



Us. BL S4— OUTONI IMW. 

LeBgtli,fr'4L Wf*, 1**9 diaiMtar. Wdglrtk 9 Hit. Om. 

Ifo. & 5f.— Saoonmi Nssnut 

Toinl len^, SI' S ; slMfl mad* of oopiier. UifNfMl fttHB ' 
• greatwi tbiduMM of which is bnued into so inm 
ring buulls. Weight, ’ 1 6 oz. 

Toom cmcD IX THE Lead Mixer or FttxniaiHS. 

PEBBEXTEO ST THE LATE CaTTAIX IrHILAEL JoHER, 
TAL-JkM-WtUH MiXE 

Qaor. 


Mode from ft^sidi'd lism, the tspered nortion sboui hnlf 
the toto] length, witli s ct^irsl swell in iimoltli. 

V<4aM> 

lEos. 

Ko. B. S6. 

lot 

Ko. B. 57. 

• T It 

Ko. B. 5H. 

• '3 to 


No. B. 59.- Pice. 

Single |K>in(«d pick with nhort H^sitled ixilt. Length of 
head, 15' 2. Handle, 29'U* Weight. 5 11*. 2 ot 


No. B. r.0 .— -Pick. 

Doublo-armed pick, witli one wedge point arm, the other 
has a horixuntal chisel edge, 0*1 wide. Length of head, 
ir t). Handle, 29" tK Weight, 5 11*. 14 ot 

Hamheer. 

These hammera are atraiglii-*raie<l with 9-aided striking 
finiea The lower sides an' fumtahed with chedc pieoea 



Um0ik^Um4,^ 

SaiiilB. 



* 

- 

Ik Oft. 

Ko. B. 61. 




BlagItiHMl - 
Ko. B. fa. 

. 


• 3 • 

OoaUslast • 

• 

* 

- i • 

Ko.B.68. 




8M|s 

. 7*4 

« tt*t - 

• $ 3 



Na Bi <4— Caov Ba» (Iloa). 

4 teaad Iw, flT-M ia diMMior, om «mI w groukl l» • 
tfanrtpoitttttiwtopiiitmirthwwd byailiorttU«ad«d«trikiaf 
kM4l *0itt<iiHBttar. Lui^Sd 4 Wwgbi. S Iba 0 <Mb 

Na R, 65.— Bonn 

round, CT-O in dtunalilt; KmmI. H-nulcd, 1*0 ia 
duuMUr; cnUiof fiw«, I'* 15 wide, nenrljr •traight ; kmgth. 
90' *0. Wdgbt, 5 tW lOox. 

No. R OCL— S(*EArRit 

A raeUnguUr irt>n iMir. 25'" i) long, with m rmind iicmper 
bent at 1 15^ at the lowar eml Weights 0 ' tO, 

No. R 67 — Clat Stamfkr. 

for lining bor*' holiwi with i^Iav ; ilu' **hafl a 
aqture baiui, upon which the wnmch i^i mtiH] like a Kpanner. 
Length, 2i" 5. S<iuftre of hwtl, 1 0. Weight, 5 Ibi. Hox 

No. R Oa — WnKKrti. 

A bar of rri'tangular iron Wat up to fit u(K>ti three eitlcA 
of the iquare of the *<taiii|M*r. Weight, 2 Ibn. 6 oz. 


T«i01.H THKO in TIIK AniIRCAIINK CNul (*umi*any'h Col- 
L1CBII9«. AT Auritc AIINK. NKAK NkWI*oI:T. MoNMf >1;TIIH1IIKK. 
Pnes»:NT».ii uy tiu: ijiti: K RxiEiuN, Kh<^ . F.O.S. 

Hun coUection compriaeM doublc-liAncl blaating gear, coal 
pick% and wedges, as well zh nonie tools iumhI in ({uarrying. 

HAMJfKBK. 


Tiie Abercanic hamiiiers are straight-armed, the section 
of the arms are octa|p>nal, springing from a S4:|uare block in 
the centre ; the striking fisces are circular and flat* 


No. & 60. 

linNttkuTHMl 

$» 

Hwak. 

## 

smsinsfkM. 

W«tstil. 

lb. oa 

N«.B. 70. 

. 7-3J 

•• Hi 

• IS 

• t 14 

DmM» ImmI toriag 1 

V«. B 71. 

ISSMMT S-T 

• »7*S 

• 

• t S 

104*4 

. s-s 

- 35'f 

- re 

• to t 

0 
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Coal Sledges. 

f 

These are used for driving wedges in bringing down 
coal ; the arms are, straight, and reduced by an uniform 
taper from a square central section to an 8-sided one at 
the extremities, upon which rest low conical striking faces. ♦ 


Coal Sledge. 


Length of Head. 

Handle. 

Striking Taco. 

Weight. 

// 

No. B. 72. 

// 

// 

lb. oz. 

6-2 - 

- 21-0 - 

- 1-4 

- 4 11 

No. B. 73. 

10-1 - 

- 29-5 - 

- 1*5 

- 10 6 

No. B. 74. 

11*0 - 

- 28*0 - 

. 1-2 

- 8 0 


Coal Wedges. 

These wedges are used in bringing down masses of coal 
with the sledge ; the penetrating side forms a slender 
rectangular pyramid ; the striking side is of an irregular 
8-sided section, tapered from the base of the wedge, and 
resembles one arm of a coal sledge ; when seen in side view 
the breadth diminishes uniformly from the striking face to 
the point. 

Coal Wedge. 


Length. 

Central Section. Striking Fac?. 

Weight. 

// 

// 


ff 

lb. oz. 

No. B. 75. 





11-5 

- 1 • 75 breadth 

O' 75 thickness - 

J- elliptical 

- 2 15 

No. B. 76. 





13-2 

- 1-9 

breadth 

i.n 

- 3 13 


0-8 

thickness - 

0'9/ ” 

No. B. 77. 





14-2 

- 2*0 

breadth 

1*21 

- 4 14 


0'9 

thickness - 

I'OJ » 


Quarry Wedges and Bits. 

The arrangement used for separating large blocks of 
stone of a rectangular figure, known as the ‘‘Plug and 
Feather,** is shown in Nos. 78-80. A series of shallow 

to be de- 



tached; into which the feathers are tapered half-round, O 
shaped pieces of steel are inserted in pairs. The plugs are 
a graduated series of blunt wedges, which are driven 


between the feathers. 



Length. 

Breadth. 

Thickness. 

Weight. 

// 

// 

// // 

lb. oz. 

No. B. 78. 




7-0 - 

- 1-9 - 

- I’l top 0*5 bottom 

- 2 8 

No. B. 79. 




6-0 - 

- — 


- 2 9 

No. B. 80. 

• 

• 



11-3 - 

- 1*8 - 

1*8 

- 7 0 

No. 78 is of an oblong section 

; No. 80 is square at the thickest section. 


Picks. 


The Abercame picks or maundrils are all double -armed ; 
the slighter ones, for working in coal, being straight, while 
those for cutting into harder rock are more or less curved. 



Length of Head. Handle. 

Weight. 


// • // 

lb. oz. 

No, B. 81. 



Cutting maundril 

- 17*0 - - 19*1 

- 2 12 

No. B. 82. 




- 17*0 - . 20*4 

- 2 14 

No. B. 83. 

• 


Holing maundril 

- 19*0 - - 33*3 

- 3 5 

No. B. 84. 



»> 

- 19*0 - - 33*8 

- 3 5 

No. B. 85. 

18*0 - - 33*3 

- 3 8 

The cutting maundrils taper directly from the centre to the points, the holing 

maundrils are somewhat stronger and bluffer. 



Sadding Axe. 


Head. 

H^dle. 

Weight. 

// 

ft 

lb. oz. 

No. B. 86. 



15-8 

- 23*3 * 

- 9 7 


This is a stone dressing tool used for bringing up rough 
blocks of stone to a smooth face by the process known aa 
axe dressing."' 



Curved Picks. 



Head. 

Handle. 

miKiic. 


// 

// 

lb. oz. 

No. B. 87. 

Bottom manndril 

.22-3 - 

- 30*0 

- 6 6 

No. B. 88. 

t) 

- 21*3 - 

- 30-5 

- 7 3 

No. B, 89. 

Rock manndril 

- 24-0 - 

- 30*7 

- 9 6 


No. 87 is pointed at each end ; No. 88 has two chisel faced arms, l 
wide, one edge being horizontal, the other vertical No. 89 has 8>6ided arms 
with wedge pointed and one chisel end arm. 


Borers. 




Length. 

Face. 

Weight. 

No. B. 90. 
„ B. 91. 

Quarry jumper 
Round borer 

// 

- 42-2 - 

- 45*5 - 

// 

1*65 

1*9 

lb. oz. 
- 13 9 

7 8 


The quarry jumper, No. 90, has a straight cutting edge at cither end. 
The middle of the shaft is thickened to 1"*9; the thinnest diameter is 1"0. 
The shaft of No. 91 is 0*9 in diameter, and drawn in at the striking end 
to 0-6. 


Eight-sided Double Handed Borers. 

These bars are of an exceptionally large size, being psed 
for blasting with heavy charges ; they are made from re- 
gularly 8-sided rolled cast steel bars, and have long conical 
striking heads. 





Diam. of Diam. of 

Length of 





Length. 

Shaft. 

striker. 

Cutting Face. 


Weight. 



// 

ff 

ff 

ft 


lb. 

oz. 

No 

B. 92. 

47*0 

- 1*3 

- 1*1 

- 2 * 0 slightly curved 

18 

0 


93. 

47*7 

- 1*2 

- 0*8 

- 1*8 


14 

5 

>» 

94. 

48*0 

- 1*1 

- 0*9 

- 1-6 


12 

15 

»» 

95. 

48*5 

- 1*0 

- 0*8 

-1-6 


10 

0 


96. 

38*6 

- 1*3 

- 0*8 

- 2 * 25 strongly curved 

14 

11 

» 

97. 

41*0 

- 1*2 

- 0*8 

- 2*0 


13 

10 

ft 

98. 

41*0 

- 1*5 

- 0*9 

- 2*5 


22 

0 

ft 

99. 

36*4 

- 1*1 

- 0*75 

- 1 • 5 Straight. 


9 

4 




Quarry^ Bars. 








Length. 

Diam. 

Weight. 






ft 

ft 

lb. 

oz. 


No. B. 100. 

Round bar - 

^55*5 - 

1 • 4 conical point 

21 

4 


„ 101. 

Crow bar - 

60*0 - 

1*7 width of face 

27 

7 



No. 101 has a chisel edged ftice, the lower 23 inches is rectangular in 
section, l"*65 in diameter, succeeded by an 8-sided length of 7V*5 of 1"*5, 
the remainder at the upper end, 28"*5, being circular of r'*25 in diameter. 
No. 100 has a conical point. 



Sciupsss. 

Length. Diam. of Disc. Shaft diam. Weight. 

~ ~ ~ ib!7z. 

B, 102. Double scraper - - 40*0 - 1*3 - 0*4 - 1 5 

„ 103. Single scraper and scoop - 41*5 -1*6 - 0*5 - 2 6 

„ 104. Single scraper - - 39*2 - 0*6 « 0*23 - 0 1 

No. 102 has a scraper at either end set at lOS^’ to the shaft ; No. 103 has a 
scraper at one end, set at 90°, and a scoop for loading the hole, 9"*6 in length 
at the opposite end ; No. 104 has the scraper set at 95° to the shaft. 

No. B. 105,— Needle. 

Length, 41"'5, in addition to the usual ring shaped 
handle it is provided with a poll 3 inches long, the greatest 
diameter is 0"'85, which diminishes regularly to the point ; 
the ring is formed of a strong flat plate. Weight, 2 lbs. 

No. B, 106. — ^Tamping Bab. 

Length, 38 inches ; the ramming head is elliptical, 8 
inches in length, 11 by 1‘0 in diameter, with a semi- 
circular groove, 0" o in diameter, for the needle ; the 
striking end of the bar is round, 0 9 in diameter, interme- 
diate between it, in the elliptical part, is a length of 9 inches 
of half round section. Weight, 0 lbs. 

No. B. 107. — Filling Bakr 

It has 10 teeth, each 5 inches long and 1"'8 apart, set 
into a wooden D shaped bar. The handle is 37 inches long, 
and 1"‘2 in diameter. Weighty 3 Iba 12 oz. 

No. B. 108. — Team Wheel. 

Made of cast iron, 8 inches in diameter ; axle bearing 
1"0 diameter; breadth of tire, 16; number of arms, 4. 
Weight, 7 lbs. 


Tools used in the Flintshire Collieries. 
Presented by Mr. William Thomas of Bagillt. 


No. B, 109. 

Hammers. 

Length of Head. Handle. 

Weight. 

lb. oz. 

Blasting sledge 
No. B. 110. 

- 7*7 - » 22-0 

- 6 7 

Coal sledge 

- 11*4 - - 27*3 

- 6 15 


The blasting sledge is drawn in from an irregular octagonal (beyelled 
rectangular) section, to a regular octagon, with flat striking frees. The coal 
sledges resembles those used at Abercame. 



Lengths 


Greatest section. 


No. B. 111. 

Coal wedge 

No. B. 112. 

Coal wedge 


Weight. 

lb. 


ri*7 wi< 

ri-8 wn 
* ll-lthi 


width 

thickness. 


width 

thickness. 


The tapering sides of these wedges are bounded by curved lines instead of 
straight ones^ as in the Abercame wedges. The smaller one is blunted by a 
rectangular plane, about 0*1 in the side, at the point. 

Picks. 


No. B. 113. 

Tjdugth of Head. 

// 

Handle 

ft 

Weight. 

lb. oz. 

Metal driving pick 
No. B. 114. 

- 17*2 

. 27*6 « 

- 3 10 

Holing pick 

No. B. 115. 

- 18*0 

- 28*3 - 

- 2 10 

Heading pick - 

- 16*3 

- 27*5 - 

- 3 0 


All these picks have tapered cheek pieces. 

No. 115 is slightly curved at the top, the arms taper regularly from the 
-central boss. No. 114 has chisel edged arms, 0"*l width of face, with strongly 
curved top surface. i 

Augek. 

Length. Width of Cutting Pace. Sliaft. Weight. 


No. B. 116. 33*0 - - 1*66 - . 1-0 - - 7 3 

With long conical striking head 'like the South Wales borers. 

No. B. 117. — Auger with Stamper. 

41" ‘1< long; width of cutting face, l"-7 ; the opposite 
end has an elliptical stamping head, 1"‘2 by 1"'0, with a 
semicircular groove for the needle, 0"'5 deep and 4" "7 long. 
Weight, 7 lbs. 10 oz. 

No. B. 118. — Scraper. 

42" ’6 long ; shaft, 0"‘45 diameter, with ring handle and 
one circular scraping disc. 0"'9 in diameter, set at J 00® to 
the shaft. Weight, 1 lb. 14f»z. 


No. B. 119.— dCnuRN or Ramming Bar. 

37" ‘0 long, with elliptical ramming head like that of 
No. B. 117 ; shaft made of round iron, 1" 0 in diameter ; the 
opposite end is worked up to a tapered striking face for 
driving with a sledge. Weight, 8 lbs. 



Na B. 120.— -Peickeb. 

46 " *0 long, including ring handle 2 * 0 in diameter ; the 
needle end is tapered to a point from a diameter 0"'6 in a 
length of 39"'8. Weight, 1 lb. 5 oz. 

No. B. 121 .— Crow Bab. 

Length, 30"‘0 ; diameter of shaft, 1"‘25 ; one end has a 
short chisel face, the other end is tamed over at right 
angles into a taper wedge-shaped arm. Weight, 15 lbs. 6 oz. 

No. B. 122. — Cleaning Shovel. 

Blade, 12" *0 long ; 11"'4 broad ; handle, 24"0 long, set 
at 165“ to the blade ; the blade has a curvedsided point, 
with a straight top edge slightly turned up. Weight, 4 lbs. 
3 oz. 


No. B. 123. — Filling Shovel. 

Blade, 15"‘0 long, 16"’0 broad; handle, 23" ‘0 long, set 
at 147“ to the blade. Weight, 7 lbs. 14 oz. 

Tools used in the North of IIngland Collieries, from 
Towneley and Garesfield Collieries. 

Picks. 

No. B. 124. — Coal Pick, Towneley Colliery, 

Length of head, 17"'8; handle, 32" 0 ; the lower edge is 
horizontal, the top edge forms two inclined planes. Weight, 
4 lbs. 5 oz ; in plan the head is a regular lozenge-shaped 
figure, diminishing regularly from the centre to the points. 

No. B. 125.— Coal Pick, Garesfield Colliery. 

Besembles the preceding, except that the arms are bent 
or anchored, meeting at the top at an angle of 155®. Length 
of head, 18"0; handle, 32" "0. Weight, 4 lbs. 5oz. 

Both of the above are distinguished from the stone picks 
by small semicircular cheelj^ieces. 

No. B. 126. — Stone Pick, Towneley Colliery. 

• 

Head, 19" ’7 long, slightly anchored, with tapered V- 
shaped cheek pieces. The arms are bevelled to an 8-sided 
section, with 4-sided pyramidal points. Weight, Tlhs. 
Handle, 30" U 



No. B, 127. — Stone Pick, Townelkt. 

23"'0 length of head ; resembles the preceding, Iftit is 
somewhat stronger and more anchored. 80"-0 length of 
handle. Weight, 8 lbs. 

No. B. 128. — Stone Wedge. 

Length, 6"‘4 ; the wedge end 3"'6 long, drawn in from a 
rectangular section 1"'6 wide and I"'! tliick ; the opposite 
end drawn in by a tapering 8-sided section to a striking 
face 0"’9 diameter. Weight, 2lbs. 2oz.. 

No. B. 129 . — Coal Wedge. 

Length, 12 inches ; the sides are straight like those 
used in South Wales. The greatest section or the base of the 
wedge, 6"‘0 distant from the point, is a rectangle 2"’2 broad 
by 0"'9 thick ; the striking face an irregular octagon 1" 0 
broad by 0"-7 thick ; the point is cut off to a rectangle 
0"-l in the side. Weight, 4 lbs. 

Hammers. 

<. 

The north of England colliery boring hammers are 
chiefly of small weight and short armed, of nearly square 
section at the centre, with flat striking faces. 

Head. Handle. Weight. 

^ ~ ~ ibToz. 

No. B. 130. 

Single hand coal boring hammer - 4-5 • - 7*75 • - 2 14 

No. B. 131. 

Single hand stone boring hammer - 4*10 - 10*1 - - 3 6 

No. B. 132. 

Double hand stone boring hammer - S’O- -24‘6 - • 4 14 

No. B. 133. 

Coal sledge, Towneley - - - — - -30*5 - - 64 

No. B. 134. 

Stone mallet or sledge - - - — - - 30’0 - - 11 6 

Borers Drills. 

Length. Cutting Pace. Weight. 

IbTTz. 

No. B. 135. Coal drill, No. 1 • > 22*2 • - 1*5 straight - - 2 8 
„ 136. „ No. 2 - - 41*6 - - 1*4 „ - ^ 4 10 

The shafts of these drills are made in lengths of different section, 8-sided 
above and round below, but with a general taper towards the point. 



^9 


Length* Cutting Wdght 

- ~ ~ 

No. A 137. Single hand stone drill, No. 1 - 22*1 - 1*5 curved - 3 10 

„ 138. „ „ No. 2 -35*6 - 1*4 „ - 6 4 

„ 139. Double hand stone drill, No. 1 - 18*4 - 1*8 „ .44 

„ 140. „ „ No. 2- 27*0 - 1*66 „ -60 

,, 141. „ „ No. 3-39*5 - 1*6 „ - 9 4 

The stone drills are all of 8*8ided section, and taper regularly from the 
striking faces to the points. The cutting faces are for the most part 
strongly curved. 


No. E. 142.— Coal Scraper. 

Length, 37" *0 ; diameter of shaft, 0"*25 ; has a circular 
scraper at either end, 0"*75 in diameter, set at 96® to the 
shaft. Weight, 8 oz. 

No. B. 143. — Stone Scraper 

Length, 37" *0 ; diameter of shaft, 0"*3 ; at one end has 
circular scraper, 1"‘0 diameter, set at 90® to the shaft ; and 
a screw worm 1" 0 long at the other end. Weight, 12oz. 

No. B. 144. — Bull," or Claying Iron. 

Length, 35"-0inall; poll, 8"*5 ; eye, 1"*5 diameter; shaft, 
1"’3 diameter; tapered to 1"*0.* Weight, 12 lbs. 8oz. 

No. B. 145. — Pricker for Blasting in Coal. 

41 "'2 total length ; shaft, 0"-4 greatest diameter; tapered 
to a point in 36" 0; with elliptical ring handle. Weight, 
lib. 2oz. 

No. B. 146. — Pricker for Blasting in Stone. 

Total length, 38"*6 ; shaft, 0"*55 in greatest diameter ; 
tapered to a point in 32"*0 ; elliptical ring handle. Weight, 
1 lb. 14 oz. 

No. B. 147. — Eammer for Coal Blasting. 

Total length, 39"*5, with a short crescent shape ramming 
head 1"*0 in greatest diameter ; the shaft is 8-sided at the 
striking end for a length 16" 0, the remainder being of a 
tapered half round section. The groove for the needle is 
5"-0 in length. Weight, 4 lbs. ^ 

No. B. 148. — Hammer for Stone Blasting. 

Total length, 36"*7 ; 8-sided part of shaft, 16"*0 ; tapered 
half round part, 18"’7 ; groove for needle, 4"*0 long ; 



greatest diameter of crescent-shaped ramming head| 
Weight, 51b. 13 ozs. ^ 

No. B. 14}9. — Beche for Drawing Broken Drills. 

8-sided bar with a conical socket at the lower end. 
Total length, 34"*0 ; the socket is 4"-6 long inside, and 7"'0 * 
outside ; the greatest internal diameter being 1"*38. 
Weight, 3 lbs. 14 oz. 

No. B. 150. — Cartridge for Blasting in Coal. 

6" long ; 0"-9 diameter ; 3 oz. charge. * , 

No. B. 151. — Filling Shovel. 

Blade nearly circular, with a short point, the edges turned 
up, forming a shallow hand. Length, 16" 0 ; breadth, 14"*0 
on the bottom ; the handle is 24"*0 long, and set on to the 
blade at an angle of 1 42°. Weight, 7 lbs. 14 oz. 

The following is the arrangement of the various sets of 
blasting gear. 

Set of coal blasting gear : — 

1 hammer. * B. 130. 

2 drills. B. 135, 13G. 

1 beater or rammer. B. 147. 

1 pricker. B. 145. 

1 scraper. B. 142. 

Set of single hand stone 'blasting gear : — 

1 hammer. B. 131. 

2 drills. B. 137, 138. 

1 beater. B. 148. 

1 scraper. B. 143. 

1 pricker. B. 146. 

Set of double hand stone blasting gear, or for two 
men: — 

1 hammer. B. 132. 

3 drills. B. 139,140,141. 

1 beater. B. 148. 

1 scraper. B. 143. ^ 

1 pricker. B. 146. 

Extra tools : — 

Stone mallet and wedge. B. 134, 128. 

‘‘ Bull,'' or claying iron for wet ground. B. 1^4. 
Beche for drawing broken drills. B. 149. 

Set of tallies used by colliers. B. 152, 



Tools used in Minis of the Saxon ERzasBiBaR.. 

• Gads. 

Nos. B. 153-4-5.— Gad or Eisen. 

The Saxon gad resembles a long slender hammer, it is 
furnished with a narrow rectangular eye, when in use it is 
held by a handle inserted into the socket, and is driven by 
striking the poll end. Length of the iron, 6"-2 ; eye, 0"*86 ; 
handle, 14" 0 ; breadth across the eye, 0"‘95. Greatest 
depth 0"‘7 ; the point is formed by a short bluff pyramid, 
the striking end is also contracted suddenly. Weight, 
10 oz. ^ • 

No. B. 156. — Set of Gads. 

In this set 15 gads are connected into two series by up- 
right iron stays passing through the eyes, the two sets are 
united by swivels to a yoke for canying across the 
shoulder. Weight, 9 lbs. 15 oz. 


No. B. 157. — Fimmel. 

A large hammer-like gad, mounted similarly to No. 1. 
The head is 10"*2 long ; the handle, 12"*6 ; greatest breadth 
across the eye, 1"*5 ; the greatest thickness, 0''*9 ; the poll 
side is of a square section tapered to a face of 0"'9 in 
breadth ; the wedge side is of an 8-sided section. Weight 
mounted, 2 lbs. 8 oz. 

• 

No. B. 138. — ScHEAM Hammer. 

A small heavy poll pick, very similar in form to the pre- 
ceding. Length, 13" o ; handle, 19" '8 ; eye, 1"‘8 ; breadth 
over eye, 2" -3; greatest depth, l"-5. Weight, Tibs. 12 oz. 

No. B. 159. — Keilhau or Pick. 

A single-armed pick of tapered octagonal section without 
a poll ; the head is 13"’6 long ; the handle, 27"’7 ; greatest 
thickness, 1"'5 ; breadth over eye, 2"12 ; the head is set at 
angle of 85° to the handle. Weight, 5 lbs. 6 oz. 

Hammers. 

No. B. 160. — Single Hand Hammer (Einmannischer 
Faustel). 

The head has two curved arms. Length, 6" 7 ; the striking 
£ 9 /ces form angle of 1 6° with each other, section nearly square, 



-with the edges bevelled, forming an irregular 8-eided figure* 
Handle 13"'2 long, fitted into a rectangular socket. Weight, 
4 lbs. 4 oz. 

No. B. 161. — Double Hand Hammer (Zweimannischee 
Faustel). 

The arms are sti^aight. Length of the head, 7"'l ; handle, 
27" ; breadth over eye, 3''‘0 ; breadth of faces, 2"’3 ; the cross 
section of the arms is diminished between the centre and 
the striking faces. Weight, 10 lbs. 9 oz. 

No. B. 162. — Gang Faustel, Large, Sledge. 

Used for breaking up large masses of rock, &;c. Head, 
0"'3 long ; handle, 26" 4 ; thickness of the head, 3"’l at 
centre, tapered to 2"‘5 at the faces ; the faces are strongly 
curved. Weight, 21 lbs. 2 oz. 


BORERS. 

Single Hand Borers (Einmannischer Bohrer). 

A set of six borers for single-handed bore holes ; 
they are made of steel bais of irregular 8-sided section, 
0"'64 in diameter, drawn in to 0"'54 at the striking end ; 
the tapered or spreading portion of the bar is 0"'7 long 
in each case. 



Length. 

Breadth of Cutting Face. 

Weight. 


// 

// 

(- 


lb. oz. 

No. B. 163. 

10*4 - 

- 1*13 . 

- 

- 1 2 

„ 164. 

- 11*6 - 

- 1*1 - 

- 

- 1 4 

„ 165. 

- 18*8 - 

- 1*0 - 

- 

- 1 15 

„ 166. 

- 20*5 - 

- 1*0 - 

- 

- 2 1 

„ 167. 

- 30*0 - 

- 0*9 - 

- 

- 2 10 

„ 168. 

- 29*5 - 

- 0*9 - 

- 

- 5 0 


Double Hand Borers (Zweimannischer Bohrer). 

A set of three double-handed borers made from 8-sided 
tapered bars. 

liOngth. Breadth of Face. Diameter. Weight. 

~ ~ " IbToz. 

No. B. 169. - 22*35 - - 2*1 - -^ * 3 tapered to 1*05 - - 8 4 

„ 170. . 35*5 - - 1*85 - 1*2 „ 0*93 - - 10 3 

„ 171. -47*0 - -1*8- -1*14 „ 1*0 - -14 11 

t 

No. B. 172. — SCHRAMSPIES OB PiCKER. 

A bar with a wedge-shaped point. Total length, 25" ; 
thickness, 0"'7; the wedge is terminated in a straight 
cutting edge, 0"'25 wide. Weight, 3 lbs. 1 oz. 



No. B. 173.— SCHBAMSPIES OR PiCKER, 

Resembles the preceding, only it is somewhat shorter, 
being 23'''8 long. Weight, 2 lbs. 14 oz. 

No. B. 174.— Scraper fob Single Hand Boring 
(Einmannischer Kratzer). 

Total length, 29"’3, made of rectangular iron 0"*4 by 0"*2 ; 
has a scraper 0"‘8 diameter at one end, and a rectangular 
eye or loop at the other end. Weight, 13 oz. 

• 

No. B. 175.— Scraper for Double Hand Boring 

(ZWEIMANNISCHER Kr^TZEr). 

Total length, 44"‘5 ; shaft made of square iron, 0"*4 in the 
side ; the scraper is 0" 95 diameter ; the opposite end has a 
rectangular eye l''*0 long. Weight, 1 lb. 12 oz. 

No. B. 176.— Einmannischer Stampfer (Tamping Bar 
FOR Single Hand Boring;. 

Length, 29"*5 ; the shaft is made of irregularly 8-sided 
iron 0" 6 in diameter ; the tamping head is elliptical, the 
greatest diameter is 0"*9, with a semicircular groove 0 36 
in diameter for the needle. Weight, 2 lbs. 12 oz. 

No. B. 177.— ZWEIMANNISCHER Stampfer (Tamping Bar 
FOR Double IJand Boring). 

45"*3 long ; diameter of the 8-sided shaft, 0"'9 ; greatest 
diameter of the elliptical head, r'*4 ; groove for the shooting 
needle, 0"‘53. Weight, 9 lbs. 8oz. 

No. B. 178.— Filling Shovel (Berg Kratzer). 

A small scraper or hoe. The blade is trapeziforra, 15^" 
wide at the base, and 6"‘8 high ; the handle is 27" long, 
and is set at 130° to the blade. 

No. B. 179.— Single Hand Needle. 

A slender wrought-iron needle 24" long, with flat ring 
handle. 

No. B. 180. — Double Hand Needlk 

Similar to the preceding, but somewhat stronger, 29" 
long. In the Saxon mines the needle is used with a reed 



casing, as shown in No. 180 ; the hole is tamped with sun- 
dried clay carefully freed from qnartzose pebbles or gr^ns. 
When the needle is withdrawn, the reed remains in the 
hole, and the priming, consisting of a smaller reed filled 
with fuse composition, is inserted ; the fuse is fired by a 
match, formed by dipping a cotton thread into melted 
sulphur. 

No. B. 181. — Timber Man’s Axe (Kaukamm). 

A straight-edged small axe; length of blade 7"'^, breadth 
of face 2"‘3, handle 20"‘0 long ; a notch^ for drawing nails 
is cut into the lower side of the blade. 

HUNGARIAN MINING TOOLS. 

ScHEMNiTZ District. 

Gads. 

The Hungarian gads are similar in form to the ordinary 
German berg eisen, but are stronger and more hammer like 
than those of Saxony. The striking faces of all the Hun- 
garian tools are circular, and of very small diameter. 



Total Leif^h. 

Poll. 

Point. 

Weight. 

182. 

Steel gad - 

n 

- 6-0 - 

ft 

- 2*4 - 

n 

- 3-1 - 

lb. oz. 

- 0 13 

183. 

>» * 

- 5*9 - 

. 2*4 - 

• 3 ’ 0 - 

- 0 14 

184. 


- 5*7 - 

- 2-3 - 

- 2*6 - 

- 0 14 

185. 

Common gad 

- 6-6 - 

. 3*2 - 

- 2*7 - 

- 2 6 


AU of the above have rectangular ej^es for receiving 
the handle, and are nearly square in section at the poll 
end. No. 182 is for use in ordinary ground, No. 183 for 
moderately hard, and No. 184 for hard ground. No. 185 is 
square at the greatest section, l"-3 in the side. 

Hammers. 

The hammers are not mounted, and the weights are those 
of the heads only. All have rectangular eye sockets. 

No. B. 186. — Single Hand Hammer 

Length of head, 6"‘9; section, 1"’35 square. Weight, 
3 lbs. 4 oz. 

No. B. 187.— Curved Double- Armed Hammer. 

Forming 44° of a circle of 12"’0 radius. The striking 
feces are circular planes 0"’5 in diameter. 



No. B. 188 .— Berg Kluftel. 

A* short straight-armed hammer ; head, 4"'8 loi^. The 
section is a square of 1"A side ; striking faces flat. Weight, 
2 lbs. 4 oz. 


No. B. 189.— Sledge. 

Arms straight ; length of head, 6"'6 ; section at centre of 
arms 1"'65 broad by l"-5 deep, swelling out to 1"'85 
breadth, and 1"'6 depth at the striking faces. Weight, 
4 lbs. 10 oz. • 


No. B. 190.— PoCH PUTZKA. 

A straight-armed hammer used for breaking up ore. 
Length of head, 6"0 ; central section, 1"7 broad, l"-25 deep ; 
section at faces, 1"'3 broad, 1"‘2 deep. Weight, 2 lbs. 14oz. 

No. B. 191. — Picking Hammer. 

It has one straight arm of square section, and the other 
inclined and wedge shaped. Total length of head, 6" 5 ; sec- 
tion of the straight arm, 1"'35 deep, 1"'3 broad ; the sides of 
the wedge arm make angles of 137° below and 145° with 
the straight arm. The wedge terminates in a rectangular 
plane 1"'22 deep and 0"’25 broad. Weight, 2 lbs. 8 oz. 

• 

Borers. 

The Hungarian borers are all single hand, of round sec- 
tion, thickened up near the striking faces. The points are 
short and bluff, formed by the meeting of two rectangular 
planes at an angle of 70°. 

No. B. 192. — First Borer. 

Total length 11"*3; 0"-7 diameter of shaft, increasing to 
0"*9 at 0"*26 distance from the striking face. The striking 
face is the frustrum of a flat cone, of 0"*9 base, 0"‘25 altitude, 
and 0"*33 in diameter at th^triking face. The cutting edge 
is nearly straight, 1"*33 broad. Weight, 1 lbs. 6 oz. 

• 

No. B. 193. — Second Borer. 

Length, 17"’4 ; diameter, 0"-7 ; length of cutting edge 
1"2. Weight, 1 lb. 13 oz. 
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No. B. 194 . — Third Borer. 

Length, 23"-7 ; diameter, 0"‘64; cutting edge, i"*0. 
Weight, 2 lbs. 4 oz. 

No. B. 195. — Half Moon Borer. 

Length, 23"*6 ; diameter 0"'64 ; the cutting edge is 
strongly curved, 1"’2 long. Weight, 2 lbs. 


No. B. 196. — Scraper. 

Made of round iron, 0"*3 diameter, with a circular disc 
0 85 diameter, turned at right angles to the shaft. The 
opposite end has a rectangular loop similarly placed, the 
length is 22" 0, which can be increased to 42" by a pair 
of spring tongs which slip through the loop. Weight, 11 oz. 

No. B. 197 . — Tamping Bar. 

Length, 21"’8, has an elliptical ramming head the groove 
for the needle is 6"‘0 long 0"*7 in greatest diameter. The 
shaft is similar in dimensions to those of the longer borers. 
Weight, 2 lbs. 4 oz. 

No. B. 198. — Crow Bar. 

This is a model of the real atool in half linear dimensions. 
Length, 5"-6 with round shaft, 1" G8 diameter ; one end is 
worked to a short 4 sided pyramidal point, the other end 
has a slightly recurved arm with a chisel edge of 2" *3 breadth 
of face. Real weight, 25 lbs. 6 oz. 

No. B. 199. — Wedging Bar (“Stecheisen”). 

Length 26"'8 ; a jdain round shaft of 0"*7 diameter, 
slightly reinforced below the striking head with a short 
4-sided point like that of No. 198. Weight, 2 lbs. 12 oz. 

No. B. 200.— Claying Ieon (“ Letten Staucher ”). 

Length, 23"-2 ; has a» tapered S-sided poll, S"'7 long, 
tapering from l"-2 to 0"‘S4 in diameter. The ramming shaft 
is round, 0"'7 broad at the point, and tapered from an ellip- 
tical section of 1"'3, in the greatest diameter of the long axis. 
Weight, 5 lbs. 8 oz. 
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Na B. SOI.— Shootino Needli;. 

Le:jgth, 25"'0 ; has an iron ling handle shrunk on to a 
copper needle 20"’7 long, tapered to a point from a gre&test 
diameter of 0"-33. Weight, 13 oz. 

No. B. 202. — Shovel. 

It has a nearly rectangular steel blade 5"'7 broad below, 
6"'0 broad above, and length 5"-0 ; socket l"'l diameter ; 
handle set at 152“ to the blade. Weight, 1 lb. 8 oz. 

No. B.»203. — Filling Shovel. 

• 

A pointed scraper or hoe blade 9"*6 long, 7"*35 broad at 
top, with curved sides dished to a depth of 0"*75 on the 
top edge; socket, ]"*8 diameter; handle set at 60° to the 
blade. Weight of blade only, 2 lbs. 10 oz. 

No. B. 204i. — Zeug Guete. 

A belt or strap fur carrying tools, made of hemp webbing 
2" *2, 34 inches long, joined up with a loop with iron eyes. 
Weight, 9 oz. 

No. B. 205. — Were Eope with Chain foe hanging 
Kibble. 

Rope of three s brands, each of four wires No. 11 gauge ; 
the loop for the chain is formed by an eye splice lined with 
an iron chafing thimble, the splice is served with wire over 
all ; the chain is 27" long, fornfed of long elliptical links of 
0"*4 inch iron ; the kibble is hung to two hooks which open 
in opposite directions, forming a loop when closed. 

WiEE Rope. 

No. B. 206. Wire Rope of 12 Wires No. 1 1 gauge. 

„ 207. Do. 18 „ 

No, B. 208. — Loop with Hanging Chain. 

RUSSIAN MINING TOOLS. 

Peesented by H.I.H. thb^ Geand Duke Constantine 
op Russia. 

No. B. 209. — Pick. 

Head 15" *4 long, has only one slender curved arm, which 
tapers to a point in 12"*8 from a greatest diameter, of 
0"*7. The eye socket for the handle is circular; lemrth of 
handle, 20"'6. Weight, 4 lbs, 3 oz. 

10434. 1. 



14^0. B; Sp9 . — Pick for QRA.V]aiifi. 

Head li"-B long; handle, 20"’5. Has a single otirved 
anu; the blade broadens out into a spoonbill shape near 
the point. Weight, 3 lbs. 6 oz. 

No. B. 210. — Single Hand Boeer. 

Length, 28" '0, made from an 8-sided steel bar 0"‘70 
diameter. The cutting edge is nearly straight, 1"'0 long, 
formed by the meeting of two planes at 90°. Weight, 
3 lbs. 6 oz. , 

No. B. 211 . — ^Double Hand Borer. 

Length, 55"‘3 ; diameter, 0"'8 ; cutting face, 1"T25 ; 
8-sided in section similar to the preceding ; edge formed by 
two planes intersecting at 100°. Weight, 9 lbs. 8 oz. 

No. B. 212.— Scraper. 

Length, 23"‘5 ; shaft rectangular, 0"'6 broad, 0"-l5 
thick ; disc at one end 0"-6 diameter, set at 105° to shaft. 
The opposite end has a loop for holding tow for wiping out 
the hole. Weight, 8 oz. ' 

No. B. 213. — Tamping Bar 

Length, 24" 5 ; the shaft at the striking end is 8-sided, 
0"’7 in diameter, tapering down to a half round section 
0"'33 diameter ; the rammiOg head is crescent shaped, 0"-8 
greatest diameter, and is faced with copper. Weight, 
2 lbs. 14 oz. 


No. B. 214. — Bar with Scoop. 

It is made of copper. Length, 24"-0. A plain round 
shaft tapered from 9" diameter to '62" ; has a semicircular 
scoop 12" ‘5 long, 0"‘76 internal diameter. Weight, 2 lbs. 
7oz. 


No. B. 215. — Copper Needle. 

Length, 24" -5, tapered to a point from an elliptical section 
0"-7; 0"’62 diameter in 22"-5. Weight, 12 oz. 

No. B. 216 . — Powder Measurer. 

A cylindrical copper measure with ring handle, 6 '"2 long 
0"-76 inside diameter. Weight, 6^ oz. 
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No. B. 217. — Single Hand Hammee. 

A^Bfefongly curved double-armed hammer. Length of 
head, 6" *8 ; length of handle, ; angle 'between ihe 
striking faces, 35®. Section 8-sided, 1"*3 diameter. Weight, 
4 lbs. 1 oz. 


No. B. 218. — Shovel. 

Blade, 9' *3 long, D shaped, the curved part in front ; 
breadth at top edge, 9"*3 ; set at 155® to the handle. 
Weight, 3 lbs. 4o2. • 

No. B. 219. — Scraping Shovel. 

It has a trapeziform blade, 8"*2 broad at lower edge, 
7"*35 top edge ; height, 6"*0, dished, 0"-G5 deep. The blade 
is attached to the eye by two rivets. Handle, 20" *5 long, 
set at 85® to the blade. Weight, 3 lbs. 9 oz. 

MEXICAN MINING TOOLS.* 

Presented by Captain Vetch, K.E. 

No. B. 220. — Cji^TA (Wedge or Gad). 

It is made of round iron 9"* 5 long, tapered to a point 
from a greatest diameter of 1"*7 in a length of 8"*9. The 
striking head is a short truncated cone with a face 0"‘6 in 
diameter. Weight, 3 lbs. 15 oz. 

No. B. 221. — Socket Wedge. 

It is made of round iron like the preceding. Total length, 
13"*5 ; the solid part 1"*37 in diameter. The socket is 
5" 0 deep, 1"*77 internal diameter. Weight, 3 lbs. 7 oz. 

No. B. 222. — Timberman’s Hammer, ‘‘ Martillo de 
"Palero." 

It has a long curved head of rectangular section, 1"*3 
diameter, ^length of head, 16''’3 ; length of handle, 7" 6. 
Weight, 8 lbs. 15 oz. 

No. B. 228 . — BorinS Sledge. 

A heavy double straight-armed hammer of 8-sided 
section, l"-75 deep, and 2"*3 broad at the centre. The 


* These tools have be^ named by Mr. J. H. Clement 

n 2 
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striking faces are 0"’6 diameter ; length of the head, 8" *2 ; 
the handle is an elastic hazel rod 22"*5 long, sel at WO® to 
the head. Weight, 7 Iba 2 oz. 

No. B. 224. — Boring Sledge (Head only). 

Straight-armed head, 7^^ ‘8 long ; the central section l''*87 
deep, 2" *3 broad ; striking faces flat, 1"’7 broad and 1"*57 
deep. Weight, 6 lbs. 10 oz. 

No. B. 225. — Large Si;.edge. 

For breaking up large masses of rock ? Double unequal 
armed head, 9"‘0 long; 8-sided irregular section with 
flat striking faces, ]"*7 diameter at one end, and 1"*2 dia- 
meter at the other ; handle, 26"‘2 long. Weight, 15 lbs. 10 oz. 

No. B. 226. — Small Sledge. 

Similar in character to the preceding, but somewhat 
smaller. Length of head, 7"‘0 ; faces, 1"‘8 and 1"‘0, 
Weight, 10 lbs. 7 oz. 

No. B. 227.— Borer, “ Babrena.” 

Length, 26"*4 ; diameter of shaft, 1"'2 ; diameter of 
striking face, 0"*45 ; length of crescent-shaped cutting face, 
1"*95. Weight, 8 lbs. 13 oz. 

No. B. 228. — Borer. 

Length, 41"-4 ; diameter of shaft, l"-3; striking face, 0"-5 ; 
length of crescent shaped cutting face. Weight, 13 lbs. 8 oz. 

No B. 229 . — Crow Bar (Cuna Longa or Long Wedge). 

A straight bar 69"*0 long ; 1 "1 3 diameter with a tapering 
conical point. Weight, 17 lbs. 8 oz. 

Na B. 230. — Swallow Tailed Bab (Barrena a dos 
Escqplas). 

Length, 26"*7 ; diameter of shaft, 1"*2, with two cutting 
edges, with a V-shaped p6int l"-9 broad. Weight, 8 lbs. l4 oz. 

No. B. 231. — Swallow Tailed Bar. 

Length, 41"*6 ; diameter, 1"'25 ; head similar in character 
to that of the preceding. No. B. 230. Weight, 13 lbs. 10 oz. 



No. B. 232.—- Pointed Bab. 

Leil^h, 23" 0 ; diameter, 1 ^-2, -with tapering point like 
that of No. 229. Weight, 7 lbs. 

No. B. 233. — Chichara, Scraper. 

Total length, 41"-0 ; diameter, 0" 6. One end has a chisel 
face 1"*15 wide, the other is worked. into a spoon 3"*0 
long, 1"*45 broad. Weight, 3 lbs. 8oz. 

No. B. 234.— JDargador or Ramming Bar. 

37"*5 long, 1"*25 diameter. A plain bar with reinforced 
head and conical striker. Weight, 12 lbs. 14 oz. 

No. B. 235. — Descargador. 

A bar used for drawing charges. Length, 43"*3 ; diameter 
of shaft, 1"‘25, with a conical socket 4"*8 long and 1"‘4 in- 
ternal diameter at one end. 

No. B. 236. — Timberman's Axe^(Hacha de Paleros). 

A combination of an ordinary axe with a semicircular 
gouging edge ; the axe face is line in with the handle, the 
gouge at right angles to it. Length of head, 10"*0 ; length 
of axe face, 3"'2 ; length of handle, 27" *0. Weight, 6 lbs. 

No. B. 237. — " Azuela.” 

A double-headed trimming adze, having two strongly 
sloped blades, with the cutting edges horizontal ; the length 
of the head is 8" 0 ; the handle, 9"’5 ; the eye, l'"6 ; the 
breadth across the eye is 2"*2 ; the blades are set at an 
angle of 70° to the handle, and widen out to 5"*0 at the 
faces. Weight, 1 lb. 10 oz. 

No. B. 238. — Vara de Paleros, or Timberman’s 

Measuring Rod. 

% 

A wooden rod 33' ’0 long, with an iron spike head. 

No. B. 239. — Vara or Measuring Eod. 

A slender wooden rod 33" 0 long, With intermediate 
divisions cut on it. An officer’s walking stick. 



No. B. 240. — Wooden TaMEing Bab (Cargadob). 

ft 

A wooden shaft 24" -2 long, with an iron ring ferrule 1"’4 
diameter and 1"*2 deep. Weight, 1 Ih. 

No. B. 241-2.— Powder Cases (Costalitos Polverebos).* 

Cylindrical covered cases made of raw hide, similar to 
the cartridge cases used for large ordnance. .No. 241 is 3"‘0 
in diameter and 27" 0 high ; No. 242 is 6" 0 in diameter 
and 12"0 high. 

r 

No. B. 243. — Gourd water bottle. 

No. B. 244.— Hat, sombrero. 

No. B. 245. — Horn Spoon (Cucharo de Cuerno.) 

Used for assaying silver ores by washing. A similar 
implement is used as a scraper underground.* 

No. B. 246. — Chiquihuite. 

A wicker basket covered with raw hide. 

« 

No. B. 247. — ^Trecho de 20 Hilos. Whim Kope. 
Sojo Major, 

A rope of 20 strands, made of aloe fibre. 

No. B. 248.— Sack for* carrying Ore (Saca de 
Tenatero). 

No. B. 249. — Head Strap (Mecapal). 

This used in carrying heavy loads, the strap passes round 
the forehead, while the load is supported on the miner’s back 
by the rope. 

SAFETY FUSES AND BLASTING CAETEIDGES. 

No. B. 250-6. — Safety Fuses by Messrs. Bickford, 
Smith, and Davey. 

This is the original form of safety fuse, invented in 
the year 1833 ; it consists of a flexible cord covered with 
waterproof materials, hiving a central core of gunpowder, 
surrounded by hempen yams twisted up into a tube, known 
as the “ countering.” The outer casing is made of diflferent 


• Kanten’« Archiv. llir Mineralogie, &c., t« 1. X, p. 781. 






niiatexisds^ aecordiBg to the use for which it is intended. 
The qfise contains the following varieties : — 

No. B. 260. — Common miners’ ftise,. with single water- 
proofed yam covering. 

No. B. 261. — Fuse for dry soil, with white yarn covering 
•not waterproofed. 

No. B. 262. — Fuse for wet ground, with a second coating 
of yams heavily pitched. 

No. B. 263. — Fuse for extra wet ground, with a strip of 
linen covering the yarn casing. 

Nos. B. 254!-5. — Fuse for blasting in deep water, having 
one yarn coating anS two of linen, aU well waterproofed. 

The safety fuses now made by Bickford & Co. have a 
central touch thread passing through the centre of the 
powder core. 

No. B. 266-8. — Safety Fuses by Messrs. E. H. 

Hawke & Co. 

These differ from Bickford’s fuses in having the core of 
gunpowder enclosed in a strip of linen three-quarters of an 
inch in width, lapped over into a tube. The varieties are 
similar to those of Bickford’s fus|^s, viz. : — 

B. 256. — Common fuse, with two casings of white yarns. 

„ 257. — Ordinary waterproof fuse, with a single yarn 
casing made up of nine parallel strands waterproofed. 

,, 258. — Fuse for wet ground, having a double casing of 

water proofed yarns and varnished. 

• 

No. B. 259. — Copeland’s Blasting Cartridges. 

These have the charges done up in paper cases, strengthened 
by a covering of hempen yarn wound spirally about them ; 
lengths of safety fuse are attached to all but the largest 
size, which has covered copper wires, for igniting the charge 
by dectricity. . 

No. B. 260. — Ridleys Coal Cutting Machine. 

Presented by the Patentee. 

This machine is intended to supersede manual labour 
in undercutting or “ holing ” in coal. It is very similar to 
a horizontal steam engine, in whfch the crank is replaced 
by a bent lever, whose outer arm carries a pick. The 
whole of the mechanism is mounted on a truck, which can 
be moved along a line of rails by means of the hand wheel 
at the top acting upon the axles of the truck by a com- 
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bination of bevil gearing. The engine is worked by air at 
a pressure of about 36 lbs. to the square inch, whi^h is 
carried from a blast reservoir at the surface through the 
main roadways in cast-iron mains, while wrought-iron pipes 
are used in branch roads, and vulcanized india-rubber tubes 
along the working faces. Several modifications of the < 
machine on the same principle have been made ; they 
differ in the construction of the driving engine, and in the 
arrangement of the axles with respect to the working face. 
In the present instance the piston has a trunk or tubular 
piston rod, the two faces of the piston being of different 
areas ; the smaller one is used for drawing b^ack the pick, 
and the blow is given by the action of the larger face. The 
slide valve requires to be moved by band on the back 
stroke, but is returned by a roller attached to the parallel 
guides of the engine. The pick holder is mounted on a 
square centre, and is provided with a movement for varying 
the height of the cut above the floor of the coal seam 
within small limits. In working the machine, three picks 
are used — the first cuts to a depth of 18 inches, the second 
about 10 inches, and the third from 6 to 8 inches, making 
a total depth of 32 or 36 inches ; the working speed is 
from 60 to 100 strokes pei^ minute. At Balaclava Colliery, 
West Ardsley, near Leeds, an oscillating cylinder machine, 
working in soft household coal, cuts a groove one yard deep, 
and IJ inches high, at the rate of 20 yards per hour. 


BORING MACHINERY. 

No. C\ 1-20. — Full-sized Boking Rods and Tools. 
No. C. 21. — Shear Frame for Boring. 

No. C. 22. — Boring Tools, with Free-falling Cutters. 

No. C. 23. — Tools for Drawing Tubes out of Bore Holes. 
These are all in the large room A., near the fire-place. 

Boring tools, full size, maj)e by Clinton and Owens, 

London. 

No. C. 1. Swivel head boring rod, 1 inch square. 

„ 2. 10 feet boring rod, 1 inch square. 

„ 3. Pair of tillers for turning rods. 

„ 4. Scotch or hand dog for screwing up rods. 

„ 6. Pair of lifting dogs. 
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No, C. 6. hook. 

j, 7. Jiftt <Aisel for 2^ inch bore hole. 

^ 8. Tee chisel do. 

„ 9. Clay augur. do. 

„ 10. Worm augur do. 

„ 11. Spiral worm do. 

. „ 12. Shell with steel shoe, for lifting sludge. 

„ 13. Crow’s foot for lowering tubes. 

„ 14. Bell screw for driving broken rods. 

„ 15. Spring dart. 

„ , 16. Pipe tee for lowering tubes. 

„ 17. Pflir of pipe tongs. 

„ 18 Pair of pipe clambs. 

„ 19. 3 feet length of lining pipe, 3 inch bore, with 

tee clutch. 

No. 20. 3 feet length of lining pipe, 3 inch bore, with 
steel driving shoe. 

No. C. 21. — Shear Frame employed for Boring. 

Scale, ^th, or 1| inches to 1 foot. 

This represents the surface arrangements used in sinking 
deep bore holes where hand power^ s employed. There are two 
pairs of shear legs, with top cross bars at a height of about 
35 feet above tlie ground. The legs of the two shears rest on 
strong timbers laid along the ground, and have a slight slope 
towards each other ; the distance between the two adjacent 
beams on the same side being# 3 feet 8 inches below, dimi- 
nishing to 14 inches at the top. The two frames are main- 
tained at their proper distances apart by horizontal wooden 
struts placed at intervals of three feet, and fixed by wooden 
keys. The top cross bars carry a horizontal axle, with two 
independent guide pulleys of cast iron running loosely 
upon it. Over these guides are led the ends of two ropes 
coiling in opposite directions upon the barrel of a windlass 
moved by spur gearing, and having a ratchet stop which is 
attached to a pair of diagonal timbers connected with the 
right-hand legs of the shears near the ground. These ropes 
are used for raising or lowering the lengths of the boring 
rod during the lowering or lifting the tool. 

About eight feet below the bearings of the top roller a 
second pair of horizontal traverses is fixed across the frame, 
supporting a smaller pulley mounted on a cast-iron frame 
capable of motion between horizontal wooden slides. Over 
this pulley is led a rope coming from a plain windlass fixed to 
the left-hand legs of the frame, to be used for raising or 



lowerixig the spoon or shell, an iron qrlinder, with a valve 
at the bottom, by which the sludge or pounded rqck is 
removed from the bottom of the bore hole. When in use, 
the head of the rod is attached to a chain working on a 
sector head at the end of the shorter arm of lever, which is 
carried on a framing formed of two pairs of upright legs, • 
with cross bars at top, placed within the principal shear 
frame; the moving power, whether manual or otherwise, 
being applied to the longer arm. The relation of the load 
arm to the power arm is as 1 to 4, the former being 3 f?et 
8 inches, and the latter 17 feet 6 inches in length.. Two 
kinds of rods are represented ; the ordinary ones are made 
of wrought iron, in lengths of 15 feet, of a square section, 
1;^ inches in the side, with a cylindrical boss at the lower 
end, into which a screw is cut, forming a socket for the cor- 
responding screwed plug at the top of the next length below. 
The second set of rods, intended for use in deeper sinkings, 
are made of wood, of a cylindrical form, 2^ inches in dia- 
meter, terminated at either end by wrought-iron ferrules, 
having screwed sockets. The connexion between the lengths 
is effected by means of short cylindrical connecting pieces, 
made of wrought iron, having a thread cut at either end to 
fit into those at the end ofHhe rods, and squared heads for 
receiving a key, by which they are screwed up. A wooden 
tube is feed over the mouth of the bore hole, having two 
wrought-iron shutters fixed on the top, which, when closed, 
completely stop up the mouth of the hole, with the excep- 
tion of a small square passage for the boring rod, and thus 
all danger of the hole being stopped by stuff falling from 
above is prevented. 

No. C. 22. — Boring Apparatus with Free-falling 
Cutters. 

Scale T^th, or 1 inch to 1 foot. 

This model represents two kinds of boring tools with 
free-falling cutters, such as are employed in very deep 
borings, where the weight of the rods is so great that the 
tool would probably be bent or broken if the whole mass 
were to be allowed to fall together. The cutting tool is there- 
fore made of considerable weight, and is mounted in such 
a manner that it is lifted by the rods during the up stroke, 
and detached when at the top of the lift, and falls alone, 
so that whatever may bo the depth of the hole, the 
force with which the cutting edge strikes against the rock 
is always the same owing to the constant weight of the 
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faUing maBs. The rods which are alike m both examples 
are ipade of wood of rectangular section tapered towards 
the endS; having the iron sockets for their union 
connected to them by two pairs* of ^ long cheek plates 
rivetted through on the opposite sides. The method of 
mounting and lifting the tool is also similar in both cases. 
The shaft of the cutter is square, and moves in a frame or 
cage of corresponding form enveloping it. The opposite 
si^ of the cage have each a long slot pierced through them, 
in. which a pin projecting from the shaft of the cutter 
travels, forming at^ the same time a guide and a stop for 
limiting the down stroke. The top of the shaft has a 
triangular head, with a deep notch cut on either side of 
it, the sharp comers of the notches being carefully 
rounded off. The cutter is lifted by a pair of hinged clips, 
whose points take hold of the notches during the up stroke 
of the rods, and the method of releasing it differs in the 
two systems. In A., Mr. Kind's plan, the clip hooks have 
elliptical eyes moving on a round centre bolt, giving them 
sufficient play to shake clear of the notches when the rod 
is stopped. In Mr. Degousde's plan, that marked B., the 
clips move accurately on the centre bolt, and project slightly 
beyond the edges of the cage. A vertical iron rod rests at 
the bottom of the hole, having two square rings at the top, 
through which the tool carrier passes freely until it comes 
to the top of the stroke, when the projecting sides of the 
clip hooks come in contact with the ring on the rod, and 
are driven in ; this causes th^ outer ends to diverge and 
let go their hold on the shaft, which immediately falls, its 
path being confined to a true vertical line by the pin 
working through the slots. In both examples a guide, 
formed of bows or loops of wrought iron broad enough to 
fill up the bore hole, is placed at the end of the line of rods, 
immediately above the point of attachment of the tool 
carrier. 

No. C. 23. — Tools for Drawing Tubes out of Bore 
Holes, by Andrew Keid, Newcastle-upon-Tyne. 

Full size. 

In boring through soft ground it is customary to line the 
hole as it descends with wrought-iron tubes, to prevent the 
work being destroyed by the falling in of the sides. This 
tool is intended for withdrawing the tubes in cases where 
the bore hole is no longer required to be kept open. It 
consists of a common wrought-iron boring rod, having an 
enlarged boss at the end tapered down to a fine point. The 



grea,t^t diameter of the boss is somewhat less thsn that of 
the tube to be withdrawn; it has a bent spring, with a 
straight bar at the top, exactly similar to the locking spring 
of an umbrella, fixed to one side, and a projecting cast- 
iron stud covered with triangular teeth opposite to it. 
When the rod is lowered the spring is passed back, giving 
room for the enlarged part to pass freely down the tube 
until it reaches the bottom, when the spring flies out and 
the toothed part is brought in contact with the tube an# 
takes a sufficiently tight hold, on it to drag it out when the 
rod is drawn up. Specimens of tubes of inches and 
3 inches diameter are shown, which have been taken out by 
the two tools adjoining them. 

LAMPS. 

These are all in case 5, Gallery E, 

Nos. D. 1 to 13. — Open Minee's Lamps. 

The open lamps used in the principal continental mines 
are mostly very near in form to that employed in Eoman 
times, consisting of a flat cylindrical, or fiddle-shaped box, 
with a hole for the wick at one end, and another hole 
covered by a sliding or hinged door for putting in the oil, 
with the addition of a curved upright bar, to which is fixed 
a carrying hook and chain. No. D. 1 is an open lamp, with 
a pedestal and handle, made of unglazed pottery, of reputed 
Roman origin, which was found in a lead mine in the 
Sierra de Gador, near Almeria, in Spain, it is almost 
identical in form with the common household lamp. No. 
D. 2, made of glazed ware, still in use in the island of 
Sardinia, which is placed by its side. These were pre- 
sented by Professor D. T. Ansted. Nos. D. 3, 4, 5, G, 
are various forms of Hungarian mining lamps. No. D. 3 
is an open form to be used with tallow, the others are for 
burning oil. All have forceps for trimming the wicks and 
hooks for carrying attached to short lengths of chain, with 
the exception of the brass lamp, which has a long wire 
handle, with two hooks at different heights. The lamp from 
Siegen, No. D. 7, presented by Mr. W. W. Smyth, differs 
from the Hungarian ones by tlte shape of the body, which is 
cylindrical. The two lamps, Nos. D. 8, 9, used in the Ayr- 
shire collieries, and No. D. 10 from the copper mines o^ Mans- 
field, presented by Mr. C. Foster, are distinguished by the 
use of cuiwed or cylindrical guards round the wickholders, 
for collecting any oil that may overflow fjom the wick, and 
leading it back into the reservoir. Nos. D. 12, 13 are lamps 
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with spiked handles, that may be supported by driving 
the ^int into the rock. No. D. 12 is used in the collieries of 
the Grand Homu, near Mons, in Belgium. No. D. 13, pre- 
sented by Mr. John Hunt, is from the lead mines of Pont 
P&h, near Eennes, in Brittany. 

Nos. D. li, 15. — Saxon Miner’s Lanterns, or Blende. 

This lantern is in general use both in collieries and 
metallic mines in the kingdom of Saxony ; it is a square 
based wooden box with an arched head, open in front, and 
having a long hook fixed to the back, which is passed 
through a loosS leather strap buckled round the miner s 
neck. No. D. 14 is the working miner’s lantern, it is lined 
with tin plate, and can-ies a small globular brass lamp, with 
a tube for the wick projecting diagonally from the top. 
The foot of the lamp is a hollow socket, which fits on to a 
wooden plug in the base of the lantern ; the carrying hook 
is made of wrought iron. No. D. 15 is the form used by 
officials and surveyors, it is somewhat larger than the pre- 
ceding one, is lined with steel, and has a copper carrying 
hook, and a socket for candles instead of a lamp ; the use 
of iron being avoided in the construction of this variety in 
order that the compass needle may not be affected by it 
when it is used by diallers underground. A third variety is 
sometimes used, having a hollow space behind the inner 
metal lining at the back, forming a case for a glass shutter, 
which can be used for closing the front, as a protection to 
the flame when the lantern islised above ground at night. 

No. D. 16. — Mexican Candle Lantern, or Lanternilla. 

This is a combination of a plain wooden lantern, covering 
the flame with an open case, in which the body of the 
candle is carried, so that the flame is nearly at the level of 
the floor of the box, which is lined with a protecting metal 
plate. The candle is supported by a leathern thong, and 
can be raised as it burns away, A similar case at the back 
of the slide is closed by a hinged door, and seiwes as a 
receptacle for spare candles. This lantern is carried by a 
ti’ansverse wooden handle at Jhe top. 

No. D. 17. — Candle Holder used in the Somersetshire 
Collieries. 

This is a pair of forceps, made by rivetting two T-shaped 
blades of copper together at one end, the cross pieces of 
the other end are curved to fit the outer circumference of the 
candle. 
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No . D. 18 .— Tinder Box presented by Miss Julia 
Hawke. .. ** 

This is the old domestic tinder box that was used lop ob- 
taining light before the introduction of lucifer matches. It 
comprises a piece of steel with a handle, a flint, and a> 
cylindrical box containing tinder made from charr^ linen 
rags, which was ignited by sparks struck with the flint and 
steel ; a flame was obtained from the glowing tinder by a 
narrow match tijmed with sulphur. The top of the box 
carries a socket for a candle, and the tinder was extin- 
guished by a close fitting iron plate. Although not specially 
a mining contrivance, it has been thought worthy of pre- 
servation, as there are but few examples remaining, owing 
to the complete disuse into which they have fallen. 

No. D. 19 - 20 . — Steel Mills. 

This contrivance was used for illuminating the dangerous 
parts of fiery collieries before the invention of the safety 
lamp. It consists of a steel disc mounted on a horizontal 
axis carrying a pinion, which is kept in rapid rotation by a 
large spur wheel with a ^irank handle. One man holds 
the machine and turns the handle, whilst a boy presses a 
flint against the edge of the revolving disc, a stream 
of sparks is thrown off, giving a feeble and uncertain light, 
which is not altogether free from danger, as several explo- 
sions have been recorded where the gas has taken fire from 
the sparks of the steel mill. No. D. 19 has a disc 5^ inches in 
diameter, making five revolutions for every two of the 
driving handle. No. D. 20 is 3| inches in diameter, and 
makes six revolutions for each one of the driving wheel. 

The steel mill was introduced into the north of England 
collieries in the latter part of the eighteenth century, and 
disappeared almost immediately after the introduction of 
the safety lamp in 1815, and they are now very rarely to be 
met with even by collectors of mining curiosities. 

Safety Lamps. — Gallery E. — Case 5. 

The safety lamp, as originally introduced by Sir H. Davy 
in 1816, consists essentially of a common oil lamp, whose 
flame is isolated from the external atmosphere by a metallic 
envelope perforated with numerous small holes, a cylinder 
of wire gauze being generally employed. The holes are 
large enough to allow air to pass in to the flame, and the 
products of combustion to flow out freely ; but oiling to 



the eooling effect of the wire l^s or waUs of the apertareh 
no giisee in a state of ignition can pass-through, the tern- 
» perature being reduced by the metal below that neoesi^luy 
for the production of flame, so that in fiery mines, where 
carbureted hydrogen gas is present in the air in sufficient 
■quantity to form an explosive mixture, only such portions 
as may be brought into direct contact with the flame of the 
lamp can be ignited, the explosion being confined within the 
wire cage if the apertures* be sufficiently small. The limit 
of safety for gauze of iron wire is placed at 28 parallel wires 
to the inch, or 784 |tpertures to the square inch, or about 
xsVv of a square inch surface for each hole. 

Various modifications of the above principle have been 
adopted from time to time with the intent of obtaining 
more light or greater safety, several of which are represented 
in the 23 specimens in the collection. They are divisible, 
according to the method in which the air for feeding the 
flame is introduced, into three heads, as below 

1. Lamps with plain gauze cylinders and no forced 

draught. 

2. Lamps in which the air is brought in by special 

channels below the flame. 

3. Lamps in which the feed aif is taken above the level 

flame and drawn downwards, acting first as a refri- 
gerating medium for the external envelope. 

Nos. D. 21, 22 . — The Two First Safety Lamps ever 

USED IN A OoAL MlNE, 

They were sent by Sir H. Davy in 1816 to the Rev. 
John Hodgson, at the time vicar of Heworth, and were 
presented by him to Miss Emma Trevelyan. They are of 
small size, having cylindrical copper oil vessels surmounted 
by chimneys of thin brass wire gauze of a much finer mesh 
than has been employed subsequently. The gauze is pro- 
tected by a cage of three vertical bars of stout iron wire 
fixed to a flat brass roof, into which the carrying ring is 
secured by a swivel joint. These are not to be confounded 
with Sir Humphrey Davy's first experimental lamp, which 
is in the possession of the Roj%.l Institution. 

No. D. 23. — Common Davy Lamp. 

This is one of the simplest forms of safety lamp. It ha^ 
a cylinder of black iron wire gauze of 28 apertures to the 
inch, set in a brass ring, which screws on to the top of ^ 
lamp. Three upright wires are fixed to the ring, and are 
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drawn into a lom at the top, through which the carrying 
link is secured. The top portion of the gauze chimney is 
made of two overlapping cylinders ; this is rendered neces- 
sary by the destructive effects of the hot gases on the iron 
wire, a single thickness being liable to be burnt into 
dangerously large holes at this point. 

No. D. 24?., — Davy Lamp, by H, Watson, Newcastle-on- 

Tyne. 

This resembles the preceding one, with a few slight modi- 
fications. The carrying link is attached tc^ an arched brass 
roof, which protects the miner’s hand from being scorched 
by the escaping products of combustion. The common 
method of locking the Davy lamp is also shown. Tliis 
consists of a simple screwed bolt pointed at one end, with a 
square head fitted with a key resembling a common watch 
key, which passes through a nut cut in a square boss 
attached to one side of the oil vessel, until the point is 
received in a hole <irilled through the lower brass ring of 
the cage carrying the gauze. The bolt is of such a size, 
that when the lamp is locked the key end is sunk level 
with, or a little below the outer face of the boss, so that it 
cannot be unscrewed by the mere use of the fingers. In 
all cases a vertical wire hooked at one end is provided 
for trimming the wick ; it slides through a tube passing 
through the body of the lamp. 

No. D. 25 . — Davy Lamp for Burning Gas. 

This is an extra lai'ge lamp, which was for experimental 
purposes for the use of the Royal Commission on Mines. It 
has no special peculiarities, beyond the substitution of a 
common single jet gas burner, for the oil lamps of the pre- 
ceding examples. The gauze case is doubled through a 
considerable portion of its length, only about one inch im- 
mediately above the flame being single. 


No. D. 26. — Davy Lamp with Condenser, by Newman. 

The gauze of this lamp is doubled in a similar manner to 
that of No. D. 27. The single part is covered by a plano- 
convex or bulls-eye lens set in a square brass frame, 
attached to two of the stay bars of the cage for the purpose 
of concentrating the light. 
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No. D. 27. — Davy Lamp from Hettok Colliery. 

• 

This is more slightly built than the preceding lamps, and 
is almost entirely made of brass. A curved horn shade is 
arranged so as to slide on two of the stay bars ; it is added 
•to protect the light from being directly acted on by currents 
either of air or gas. Many accidents have taken place with 
Davy lamps when exposed to sudden discharges of gas from 
the coal ; when the gauze becomes red hot, and if the flame 
is blown to one side, the wire network is no longer capable 
of preventing the external atmosphere from taking fire, as 
the flame will under these circumstances pass through the 
holes. 


No. D. 28 . — Dr. Clanny’s Safety Lamp. 

This differs from the Davy lamp in having the lower 
portion of the gauze cylinder, the part immediately above 
the flame, replaced by a stout glass tube for the purpose of 
giving more liglit. The glass is of larger diameter than 
the gauze cylinder ; it is mounted between two brass rings 
connected together by six vertical stays, and is attached by 
one locking bolt to the lamp below, and by a second, to the 
cage carrying the gauze above. The air for feeding the 
flame enters through the lower part of the gauze and has 
to travel downwards, but there is no special contrivance for 
directing it or for forcing the draught. The advantage of 
the glass in this lamp is more apparent than real, as on 
account of the great thicknesS of the glass envelope, a 
notable proportion of the light is absorbed, and the illu- 
minating power is not much greater than that of a plain 
Davy lamp. 

No. D. 29. — Self-extinguishing Lamp, used at the 
Earl of Lonsdale’s Collieries at Whitehaven: 
Presented by Peter Bourne, Esq. 

This lamp is so contrived as to become extinguished by 
the act of opening, in order to prevent the miner from 
converting his lamp into a n^ked light, as is not unfre- 
quentlj’' done with the common locked lamp by men who 
have obtained possession of private keys. Externally it 
resembles a common Davy lamp, but the lower ring or cap 
of the cage is unusually deep. On the inner side of the 
cap, above the thread of the screw by which it is attached to 
the lamp, is a thin shelf or plate of iron cut through in 
two places opposite to each other, leaving two notches about 
10434. » 
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half an inch in width, which are filled by two wedge- « 
shaped arms moveable about fixed centres. The tube* hold- 
ing the wick is also cut through, having two narrow slits * 
also opposite to each other extending through its entire 
height. To the top of the oil vessel are attached two unequal- 
armed levers bent in such a manner that the arms make ail 
angle of about 100 degrees with each other ; the longer ones 
are tapered to a narrow chisel edge somewhat less in breadth 
than the slits in the wick holder, and are maintained by 
steel springs in a nearly vertical position when not in use, 
the shorter arms being at the same time horizontal. The 
latter have peculiarly shaped tails, forming transverse 
wedge-shaped blocks, the thickened ends having the corners 
rounded off. When the cap is screwed on the long tapered 
wedges attached to the cap pass over the upper surfaces 
of the wedge *ended arms of the angle levers without mov- 
ing them, but on reversing the motion, the points of the 
hinged wedges come in and pass underneath those on the 
shorter arms of the levers, so that the longer arms are 
depressed and drive the wick downwards in its tube. The 
action of the springs bring the longer arms back to the 
vertical position, as soon as the notched parts of the plate 
arrive opposite to them, *Dut they are immediately driven 
down again by the second hinged wedge, the result being an 
irregular jerking pressure on jibe wick, which extinguishes 
the flame before the cap and gauze cage are completely un- 
screwed from the lamj). 

« 

Nos. D, 30, 31. — Self-extinguishing Lamps. By Mr. 
Dubrulle, Lille, France. 

These lamps are similar dn principle to that last described 
but are differently constructed. The oil vessels are urn- 
shaped and are made of zinc; that of No. 30 has three equi- 
distant studs projecting from its outer surface, which fit into 
three corresponding clutches in a covering plate forming the 
lower part of the cage. The locking bolt is a bent iron wire 
contained within the oil vessel, with a straight portion 
at the upper end which passes through a hole in the 
top of the lamp, and is received into a hollow boss lined 
with brass in the covering plate. The bolt is maintained 
in position by a curved copper spring, also within the oil 
reservoir. The wick, formed of a single thickness of flat 
cotton plait, is held at the lower end by an iron clip 
with a short projecting arm carrying a screwed nut or 
collar, through which passes a vertical screw for raising 
or lowering it. The iron locking bolt is also provided 
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with a projecting arm with a round socket or eye, through 
which the vertical rod passes loosely, and it is oiuy 
when the lower edge of the collar on the wick holder is 
brought in contact with this arm, that the bolt can be 
withdrawn ; but this can only occur when the flame is 
extinguished by the withdrawal of the wick within its case. 
In putting the cage on, when the lamp is trimmed, the open 
parts of the clutches are brought over the studs, sufficient 
pressure being exerted to press back the locking bolt ; the 
cage is then turned through a small angle to make the 
clutches take hold pf the studs, and when the latter are in 
position the bolt springs up into its seat and cannot be 
again withdrawn without screwing down the wick as 
already described. No. D. 31 is constructed on the same 
general principles, but has only one clutch instead of 
three. 


No. D. 32. — Stephenson's Safety Lamp. 

This lamp was invented by the late George Stephenson, 
Esq., almost at the same time as that of Sir Humphrey Davy. 
The air is admitted through a number of small holes pierced 
through the under side of the lower brass ring of the cage, 
the wire gauze cylinder is lined with a close fitting glass 
chimney, surmounted by a cap of sheet copper perforated 
with numerous holes, which are a little larger than those of 
the wire meshes. This lamp is said to be safer than the 
common form of Sir H. Davy's, as the gauze is kept from 
coming in contact with the name by the glass lining, and 
cannot become red hot. Owing to the small size of the air 
holes they require to be very carefully cleaned before use 
in order to make the light bum steadily. 

No. D. 33. — Howdon and Thkesk's Safety La^ip. 

This resembles a Davy lamp of extraordinary size and 
has a tubular wick, with a special contrivance for admitting 
ail* to the inner side of the flame. The foot of the lamp is 
a hollow cone prolonged below the base of the oil vessel, and 
is pierced with a ring of air holes at the bottiim. A slightly 
conical tube passes up throu^ the body of the lamp ; it is 
covered at the lower end by a double disc of wire gauze, 
formed of two single thicknesses kept about a quarter of an 
inch apart by a brass packing ring. The wick is raised or 
lowered by an upright screw working through a nut in the 
end of an arm which projects horizontally from the wick 
holder. 

E 2 



60 


No. D. 34. — Upton and Roberts’ Safety Lamp, 

The air in this lamp is admitted through a vertical* ring 
pierced with square holes, covered on the inner side with a flat 
disc of gauze, and is supplied to the flame by a conical 
argand cap. The wire gauze chimney is contained within 
an outer glass cylinder, which bears at the bottom against 
the lower ring of the cage, and at the top against a strong 
coiled spring of iron wire, in order that it may not be 
broken by a sudden jar. The top of the lamp is formed of 
a double brass cap with parallel walls, the outer one is 
pierced with a series of large round hole8**for destributing the 
gases generated by the flame. It is said to be a very safe 
lamp, but is inconvenient on account of the facility with 
which the flame is extinguished if it be subjected to a 
jerking motion when carried. 

No. D. 35 .— Elgin's Safety Lamp. 

The air is admitted in this lamp through a short upright 
cylinder of wire gauze, and is distributed to the flame by an 
argand cap. The light is surrounded by a short stout glass 
cylinder, whose outer surface is shaped to a hyperboloid curve 
for diffusing the light, the glass is set in a cage with 
seven stay bars, six of which are solid, and one is hollow, the 
latter serves as a case for the locking bolt, which is vertical 
instead of horizontal, as in all the preceding examples. 
A conical brass reflector slides on the stays; it is used for 
concentrating the light on the floor of the workings when 
the lamp is suspended. The wire gauze chimney is replaced 
by a solid brass tube covered by a gauze disc at the top. 
No. D. 36 is another example of this lamp, manufactured 
under the English patent by Messrs. Thornton and Sons 
of Birmingham. No. D. 37 is a modification by Messrs. 
Thornton and Sons, in which the glass is protected by an 
outer casing of mica. 

No. D. 38. — T. Y. Hall's Safety Lamp. 

This combines the peculiarities of several of the preceding 
lamps. The cage is made in two parts, the lower part being 
longer and of greater diameter than the upper one. The 
air is admitted through holes in a brass ring, as in Stephen- 
son’s lamp ; the amount necessary for feeding the flame is 
drawn by a glass argand chimney, which is surrounded by 
a cylinder of silver wire gauze, with a second glass outside. 
Another part of the air passes up through a number of 
holes in a flat portion of the lower ring of the cage, and out 
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through a corresponding series of holes in the upper ring, 
thus establishing a cooling current between the inner and 
outer glasses. The amount of air passing by this channel 
is regulated by a ring, which can be screwed over the upper 
series of holes so as to contract their apertures at pleasure. 

No. D. 39. — Boty’s Safety Lamp. 

This is one of four patterns of safety lamps recommended 
for use by a Royal Commission appointed by the Belgian 
Government, the others being Mueseler’s, Eloin's, and 
the simple Dav^. ^he admission of the air is effected 
on a similar principle to that adopted in Eloin’s lamp, 
namely, through a perforated copper ring made slightly 
conical, and placed a little below the level of the flame. 
The light is covered by a short stout glass cylinder, the top 
of the lamp is formed by an ordinary gauze chimney. 

Nos. D. 40, 41. — Mueseler’s Safety Lamp. 

This lamp is extensively employed in the collieries of 
Belgium and the north of France. It has a very thick 
glass cylinder covering the light, with a gauze chimney 
made slightly conical, placed above it. An inner conic^ 
tube of smaller diameter, terminating below in a trumpet- 
shaped mouth reaching to within a short distance of the 
flame, is fixed within the gauze, the space between the two 
tubes being closed by a wire gauze disc. The feed air enters 
through the lower part of the gauze chimney, and passes 
through the disc along the inner side of the glass, whereby 
the latter is kept cool. No. 41 has the chimney made of 
brass wire gauze. 

No. D. 42. — Dr. Glover’s Safety Lamp. 

This is similar in principle to the preceding one, but has 
a shorter draught hood over the flame. The light is covered 
by two concentric glass tubes, the space between them is in 
connexion with the external air above and the interior of 
the lamp below, both sides being covered by a plate of wire 
gauze. The whole of the fee^ air has to pass between the 
two glasses, serving at the same time as a refrigerating 
current, the upper gauze chimney serving only as a means of 
discharge for the products of combustion. 

No. D. 43 .~Mr. H. Mackworth’s Safety Lamp. 

This lamp is almost identical in construction with the 
preceding one, the chief difference being, that the upper 



62 


gau^e covering the space between the two glasses, is placed 
within the outer gauze chimney, and instead of being *flat, 
is made of a conical form. The lower one in like manner 
is curved to the shape of an argand hood, and placed imme- 
diately above the wick. The system of locking is also 
different, as instead of the usual screw bolt and key, a soft 
metal rivet made of lead or pewter is employed. The rivet 
is passed through a hole in two perforated plates project- 
ing from one side of the oil vessel, and is clinched by a pair 
of pincers having a device engraved on one of its jaws. 
The soft metal completely fills up the space between the two 
plates, and takes an impression of the device, so that it is 
impossible to open the lamp without defacing the impres- 
sion. A curved metal reflector is placed within the inner 
glass for concentrating the light on one side. 

No. D. 44. — Biram's Safety Lamp. 

This has a silvered parabolic mirror placed behind the 
light, and a flat plate of mica with a narrow slip of gauze 
below it, set in a copper frame in front, which slides be- 
tween the grooved edges of the body of the lamp, and can 
be replaced by a similar frame made of gauze only. The 
chimney is like that of Eloifrs lamp, a solid cylinder with 
a short gauze cap at the top. 

Nos. D. 45-47 —Crane's Safety Lanterns and Lamp. 

« 

These include two large square lanterns, and a small 
Davy lamp. Of the former, one has plain gauze sides, and 
one is partly glazed, with narrow opening covered with gauze 
below. They are too weakly constructed to be really safe, 
as there is no protection for the large flat surfaces of glass, 
and the holes in the top cowl, by which the hot gases from 
the flame are discharged, are dangerously large and unpro- 
tected by gauze stoppings. The small lamp is also very 
slight in construction, and the trimming wire is inserted 
through the mesh of the gauze at the level of the flame, an 
arrangement that would most probably work a large hole 
into it after having been used a short time. A lantern 
similar in character to No. D. 47 is used in some of the col- 
lieries in the vicinity of Leeds by men working trains of 
trucks on the principal road-ways. The gauze screen is of 
a much more open mesh than that used in safety lamps, 
and is intended only to screen the flame against currents of 
air, and not as a protection against explosion. 
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SURVEYING INSTRUMENTS. 

Nos. D. 48-50. — Miners’ Dials. 

The compass or dial used in underground surveying is 
essentially the same instrument as the circumferentor used 
by land surveyors. There are three examples on the lower 
shelf of case No. 5. No. D. 48 is a plain dial, with a compass 
needle 5 inches long, the circle being divided to single 
degrees. The sight vanes are divided into two parts, the 
upper one on one side having a fine slit cut throughout, 
the corresponding division of the opposite one carries a 
plain wire, the relative portions of the slit and wire being 
changed in the lower divisions. The compass box is attached 
to the tripod stand by a socket fitting on to a corresponding 
plug, an intermediate ball and socket joint furnishing the 
means of levelling the instrument. 

Nos. D. 49 and D. 50 are examples of Philipps’s under- 
ground dial. This instrument is a combination of the circum- 
ferentor, with an arrangement for measuring vertical angles. 
The larger one. No. D. 49, has a 4 inch needle, playing in a 
circle divided to single degrees,, the space between the 
divided limb and the centre point containing tables for the 
resolution of the azimuth lines observed into their north 
and south, and east and west parts. A semicircular vertical 
arc is fixed across the central line of the compass, pro- 
vided with a moveable limb, carrying a horizontal bar, 
with a pair of sight vanes, on*which is fixed a long spirit 
level. The semicircle is divided to single degrees, which 
are pointed from 90° in the centre to 0° on the horizontal 
line on either side. A corresponding series of tables for 
reducing the lengths of inclined lines to those of their bases 
and perpendiculars are engraved below. The compass box 
can be turned slowly in azimuth by a spur wheel and 
pinion, but there is no fine adjustment for the vertical 
limb. No. D. 50 is a smaller dial, constructed on similar 
principles, with the addition of a larger bar carrying the 
level and sight vanes, which is moved by toothed gearing 
in a similar manner to the slov^ motion of the compass. 

No. D. 56. — Biram’s Anemometer. 

This instrument consists of a vertical wheel, made of a 
light copper framework, carrying ten oblique blades or arms, 
made of oiled silk, with a registering apparatus attached to 
the axis for marking the number of revolutions made by 
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the wheel It has three dials, giving a range from 0 up to 
10,000. The observation is made by holding the frame of 
the instrument at right angles to the current, after having 
read off the index. The wheel is then allowed to revolve 
freely during one minute, the time being determined by a 
sand glass. At the end of that time, the wheel is stopped ' 
by pressing the hand against the tire, and the index is read 
off ; the difference between the two readings gives the 
number of revolutions made by the wheel during the period 
of observation. From this quantity, the velocity at which 
the air in the gallery is travelling may be determined by 
the application of a simpler series of constants, which should, 
however, be determined b3’' subjecting the individual instru- 
ment to the action of a current of known velocity, or by 
comparing it with another instrument whose constants have 
been determined, as a standard. From the velocity of the 
stream so obtained, and the area of the cross section of the 
gallery, the cubic volume of air passing per minute is deter- 
mined by calculation. 

TIMBERING AND MASONRY. 

No. E. 1. — Timbering for Shaft and Level, used in 
Cornwall. 

Scale, -,V, 1 inch to 1 foot. 

No. E. 2. — Level, with Round Timbering, Ulverstone 
Iron Mines. 

Scale, — > I ii^ch to 1 foot. 

No. E. 3. — Timbering for Levels, Saxon Mines. 

Scale, Voj I ii^ch to 1 foot. 

No. E. 4.— Shaft Timbering, Saxon Mines. 

Scale, tVj f inch to 1 foot. 

No. E. 5. — Timbering in Ordinary Levels, Harz Mines. 

Scale, tV> I inch to 1 foot. 

No. E. 6. — Timbering in I-arge Levels, Harz Mines. 

Scale, -pV) i inch to 1 foot. 

No. E, 7. — Shaft Timbering, used in the Harz Mines. 

Scale, iV, I inch to 1 foot. 

No. E. 8 . — Shaft Timbering employed in Australia. 

Scale, 2 inches to 1 foot. 
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Nos. E. 9, 10, 1 1 . — Masokrt for Levels used in the 
• Saxon Mines. 

Scale, T-V> i 1 

No. E. 1 2 . — Cast-iron Colliery Tubbing. 

Scale, -jij, 1 inch to 1 foot. 

The whole of the above are in the small room on the 
upper floor. 

The methods of employing timber for the support of 
underground excavations vary according to the different 
degrees of cohesion in the rock. In the most unfavornRhle 
cases, a complete and continuous casing of strong beams 
is necessary, whilst in a more stable material simple 
frames, placed at longer or shorter intervals, and lined with 
rough sheeting boards or small poles, are sufficient. In 
England, where the bulk of the timber employed is imported 
from foreign parts, squared balks are commonly used ; in the 
Harz, Saxony, and other well-wooded districts the trees 
are used in the round state. In collieries small round pine 
or larch trunks, called pit props, cut to six feet lengths, are 
used in cutting coal, stripping pillars, and other places where 
only a temporary support is required. Another method 
used in long-wall collieries consists in building hollow 
pillars with short pieces of squared timber called “ chocks.’' 
More recently metal pit props have been introduced. 

No. E. 1 is the common metiiod of timbering employed 
in Cornwall in moderately secure ground. The frames on 
the levels are formed of three pieces* of squared timber, 
namely, two inclined side pieces, and a horizontal cross 
piece or cap, which rests on shallow notches on the tops of 
the side pieces ; they are placed at intervals of one to three 
feet, the space between their outer faces and the rock is 
lined with a casing of boards or “ laths.” The frames in 
the shaft are made of timbers of a rectangular section, the 
longest side being placed parallel to the vertical line. The 
points are formed by halving the pieces together at the 
corners ; the interval between the frames is 2 to 3 feet. They 
are maintained at that distance apart by sliort supporting 
pillai-s called studdles, at the corners. The face of the rock 
is lined with spilling boards in a similar manner to that 
employed in the leveL The intermediate space between 
the bottom of the shaft and the mouth of the gallery is a 
place hi which the ore from the workings is stored, and 
from which the ores are filled into the kibbles. It is 



66 


timbered in a similar manner to the level, with larger 
frames. ^ 

No. E. 2 is the system of timbering employed in the 
hematite mines of the neighbourhood of Ulverstone. The 
shaft is lined with frames of square timber halved together 
with an overlap at the corners, piled closely one above 
another into a solid casing, two continuous longitudinal 
planks are fixed to each of the sides, forming conductors or 
guides to the vessels in which the ores are drawn. The levels 
are timbered with frames having two inclined sides and a 
horizontal cross piece as in the preceding example, with this 
difference, that round beams are used instead of square ones. 
The cap pieces rest in shallow curved notches cut in the top 
of the side beams. At the contact of the levels with the shaft 
and at the points of junction with other levels, the frames 
are placed nearly in juxtaposition, at other places they are 
2 to 3 feet apart. The walls are lined with poling boards in 
lengths equal to the distance between three consecutive 
frames, half the lengtli is placed above the caps of two adjacent 
frames, the remaining portion is bent downwards and 
bears against the under side of the cap of the third frame. 
A plank placed along the floor of the level, forms a road- 
way for the wheelbarrows in which the ore is brought from 
the workings to the filling place at the bottom of the shaft. 

No. E. 3 is a system of combined or double timbering used 
in the Saxon mines. The frames are made of round timber 
in three pieces, with upright side pieces. The cap pieces are 
cut half way through, and tlv3 flat surfaces so produced rest 
on the end of the uprights. The frames are of three different 
sizes, the largest are 9 feet high and 5 ^ feet broad, the 
smallest, 8^ feet high and 4 feet in width, are placed within 
the former, the space between them being filled by lining 
boards, fixed tight with small wooden blocks. These double 
frames are placed at intervals of six feet, the lining boards 
being supported midway between them by the frames of in- 
termediate dimensions, which are S^feethigh and 4^ feetwide. 
The effect of the whole aiTangement is that of a series of 
short rectangular based funnels stuck one within the other. 
Horizontal cross pieces or bearers resting on the upright legs 
of the frames, are fixed acrbss the level about 15 inches 
above the floor, to which a continuous plankway is fixed, 
along which the hand-waggons for conveying the ore- are 
run. The space below the plank serves as a channel for con- 
veying the mine waters to the reservoirs feeding the pumps. 

No. E. 4 is a model of a shaft of a rectangular horizontal 
section, measuring 8 feet in length by 6 feet 4 inches in 
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» breadth, timbered on the same system as that employed in 
^the mddel No. E. 1, but with round instead of squared timber. 
This plan is known in Germany by the name “ Bolzen- 
schrot Zimmerung.’* Horizontal bearers are placed across the 
shorter sides at intervals of six feet from each other, upon 
which the alternate shaft frames are carried. Tlie frame next 
above each one that is so carried, is supported by four struts 
at the corners and two on the long sides ; the latter are 
placed so as to divide the length into two unequal parts, 
and a coiTesponding transverse piece paralled to the shorter 
sides divide off about one third of the shaft, in which the 
ladders are fixed, ’the remainder being reserved for a draw- 
ing sliaft. A lining of planks is fixed on one side, that 
of the foot wall or under side of the lode, to prevent the 
kibbles from striking against the timbers and chafing them. 
The ladders are made entirely of wood ; the sides are half 
round or D-shaped pieces with the fiat sides placed out- 
wards ; the staves or rounds are pieces of rectangular section, 
with the top edge horizontal forming the head, the lower 
one being fish-bellied or thickened in the middle, giving an 
extra substance immediately under the point where the 
greatest wear takes place, by the chafing of the men’s boots 
against the wood. 

No. E. 5. represents three different methods of timbering 
a level of the ordinary trapeziform section adopted in the 
mines around Clausthal in the Harz, when the gallery is of a 
moderate size. The two outer frames show the plan adopted 
when one of the walls is firm enough to stand without sup- 
port, one side piece is used, surmounted by a cap, whose 
opposite end bears against a square socket cut into the hard 
rock of the other wall. The space between the wall and the 
roof and the timbers is filled with a packing, formed by 
dressing down small poles into rough planks. The centre 
of the model shows three frames of a system of complete 
timbering, with two side pieces, and a cap, carried on a 
foot piece extending transversely across the floor ; the lining 
boards are similar in character to the preceding. The two 
frames at the opposite end, repijesent a system in which the 
side parts are carried on longitudinal floor pieces running 
along the sides of the gallery ; the lining boards of this part 
are the rough outer slabs obtained in sawing up large 
trees ; they are placed with their flat sides in contact with 
the rock. Throughout the model the frames are kept at their 
proper longitudinal distances by horizontal thrust pieces 
bearing against notches cut in the sides of the timbers. 
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No. E. 6 shows several systems of timbering employed in < 
the Harz, in galleries of extra size, in which the inclination of ^ 
the side walls corresponds with that of the walls of the lode. 
No. 1, the simplest plan, is a single cross beam, butted against 
the hanging wall, and resting in a socket on the foot wall. 
No. 2 has a similar bearing for the lower end of the cross piece, 
with a side post on the side of the cross. In No. 3 there is a 
side post on the lower wall, as the cross beam bears against 
the face of the rock on the other side. The remaining system, 
No. 4, is that in which side posts are used on both walls, in 
conjunction with an overhead cross piece. In all the above 
instances longitudinal thrust pieces are used to preserve the 
verticality of the frames as in the preceding model, No. E. 5. 
The cross pieces are cut to fit the curvature of the side posts 
on the upper side, but rest against fiat surfaces with a top 
bearing notch on the lower side. The system of lining 
boards adopted is that of the small dressed poles, also used 
in No. E. 5. 

No. E. 7 shows the method of timbering adopted in the 
large inclined shafts in the Harz. The section of the shaft 
is a rectangle, 30 feet in length on the course of the lode, 
and about 10 feet in breadth, equal to the thickness of tlie 
lode. The frames are made of round timbers, the longer ones 
are cut into fiat notches at the end, which form bearing sur- 
faces for the shorter or cross pieces. The lowest frame rests 
on three cross bearers, one at each end and one in the centre, 
all those above being maintained parallel to it at regular 
vertical intervals by upright struts, placed at the corners, 
and in the centres of the long sides. The long timbers are 
stiffened by three transverse diaphragms, each formed of a 
pair of longitudinal beams parallel to the side walls, kept 
apart by struts carried in a zigzag or V shape order. 
By the central diaphragm the shaft is divided into two 
equal portions, one of which is reserved for the winding, the 
other contains the foot ways and pumping machinery. 
Four different sizes of timber are employed, as follows : 

The lower bearers, 24 inches in diameter. 

The longitudinal beams of the diaphragms, 19 inches. 

The V pieces of the truss work, 16 inches. 

The frames and their supporting struts, 12 inches. 

The interval between the frames in height is 3 feet 
inches. 

No. E. 8 is a system of continuous shaft timbering adopted 
in the auriferous quartz mines of Axistralia ; it is formed of 
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rectangular frames made of thick planks, placed with their 
longest sides upright, the sides are not jointed together, the 
shorter planks being kept in position by wooden pegs driven 
into holes bored through the longer ones acting against the 
uneven surface of the rock. A central wall divides the shaft 
hito two parts. 

Nos. E. 9, 10, 11, are three different systems of securing 
levels by masonry, employed in the Saxon mines. No. E. 9 
is a small sized gallery with the walls in hard- rock, and a 
flat segmental arched roof of dressed stone. No. E. 10 is a large 
gallery on an inclined lode, with one solid wall, the opposite 
one and the roof^ being spanned by a segment of a cylindrical 
arch, giving an irregular triangular profile to the level. No. 
E. 11 is a portion of a large adit or water gallery completely 
walled ; the arch is of an elliptical form, the water is carried 
off by a deep channel cut into the solid rock, whose depth 
is somewhat greater than the height of the level above the 
plank way laid for the passage of wagons, at the foot of 
the arch. In all the above instances the arch stones are 
made of the gneiss of the district dressed to shape and set 
in cement. 

No. E. 12 is a model of cast iron tubbing employed for se- 
curing colliery shafts in water-bearing beds ; it consists of 
a series of cylindrical rings built up in segments which are 
piled one above another, forming a closely fitting case. The 
rings are 80 inches in depth, and are divided into eight 
parts, each of which is flanged at* the edges and strengthened 
by projecting cross ribs and feathers behind. In putting 
the segments together a thin wooden sheeting is inserted 
between the flanges, and there is a hole bored through the 
centre of each piece, which is stopped with a plug as soon 
as the ring is in its place. The lower end of the tubbing 
rests on a stout cast-iron ring or curb, also put together in 
segments, which is forced into a place cut out for it in the 
first hard ground below the water-bearing stratum. In the 
upcast shafts of collieries where ventilating furnaces are 
placed underground, it is advisable to line the interior of 
the tubbing with a casing of fire brick, in order to protect 
the iron from destruction by <lie hot gases from the fire. 
An accident arising from this cause occurred at Monkwear- 
mouth colliery in the year 1862, when the cast iron wall was 
found to be reduced to a spongy graphitic mass, owing to the 
oxidization of the iron by the sulphurous vapours from the 
ventilating furnace. At Hetton colliery, the tubbing is made 
with an inside projection for carrying a fire-brick lining. 
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DRAWING MACHINERY. 

This section includes all the machines used for (^^awing; 
minerals in shafts, whether by manual, steam, or water 
power. They are all in the model room A., except No. F. 12, 
which is in the museum. , 

No. F. 1. — Saxon Windlass (Haspel). 

Scale, Ath, inches to 1 foot. 

This is used for drawing, by manual power, in small under- 
ground shafts or during sinkings from the surface, before the 
workings have attained any great ^epth. It is a simple 
cylindrical shaft or barrel, G feet long and 1 0 inches in diame- 
ter, running on two wrought-iron bearings at tlie ends, which 
are prolonged into cranks. The framing is of the simplest 
character, consisting of two uprights stepped into mortices 
on two horizontal cross timbers, and stayed by short dia- 
gonal struts below. Two inclined planks resting against the 
outer faces of the diagonal timbers, close up the mouth of 
the shaft, leaving an opening of the width of tlie uprights 
for the ropes to pass through. A fixed horizontal rail runs 
parallel to the barrel ; it serves as a hand-rail for the work- 
man to hold on by, when lifting the loaded bucket out of 
the mouth of the shaft. The kibbles generally employed in 
Saxony for windlasses, are wooden tubs formed of straight 
staves, and of an elliptical plan, the base measuring 1 5 inches 
by 9 inches, whilst the mouth is 1 8 inches by 1 1 inches ; the 
height is 15 inches. The estimated weight of the amount of 
broken stone in one filling, under ordinary circumstances, is 
about 92 pounds. The average quantity of work done by 
two men at the windlass, in the shift of eight hours amounts 
to 40 loads of the above net weight, di^awn from a depth of 
20 Saxon fathoms (130 feet). The mean speed of the load 
is about 45 feet per minute.* Small round wire ropes are 
more generally used in preference to hempen ones. A strip 
of wrought iron is fixed along the horizontal bearer on the 
receiving side, to prevent it from being chafed by the iron 
binding hoops of the kibble. The trap-door by the side 
of the windlass covers the mouth of the ladder way. 

c 

No. F. 2. — Saxon Geared Windlass (Vorgelegehaspel). 

Scale, |th, 1^ inches to 1 foot. 

The barrel in this case is somewhat larger than that of 
the preceding example, being 15 inches in diameter and 
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64j inches long. The men work a pair of crank handles at 
the eiids of a wrought-iron shaft, carrying a pinion with 24 
teeth, which drives a larger wheel with 72 teeth on the 
rope barrel. The latter, therefore, makes only one-third of 
a revolution during each revolution of the crank shaft. 

No. F. 3. — Saxon Hand Whim and Hungarian Waggon. 

Scale, -nrth, 1 inch to 1 foot. 

The hand whim is now nearly extinct ; it resembles an 
ordinary horse whim of small size, having two cylindrical 
rope drums on ^ vertical shaft, the brake works on a disc 
attached to the bottom of the lower drum. The power is 
applied by means of three projecting arms, called “ Schwen- 
gel.'* Each of these arms is formed of three pieces, a 
central one morticed into the vertical axle, braced by two 
outer ones, which overlap the axle and fastened to the central 
piece by screw bolts. The ores are drawn in small wooden 
tubs moving on rollers between guides. The tipping appa- 
ratus at the surface is formed by a pair of sliding rods of 
wrought iron, which are drawn back as soon as the tub has 
passed up. The rods form rests on which the rollers on the 
tub are supported when the whim is reversed. Single- 
strand wire ropes are usually employed, almost to the 
entire exclusion of round hemp ropes. 

The waggon is the so-called Hungarian hund mounted 
on two pairs of cylindrical wdieels of unequal diameter ; it 
is used on plank roads underground, but has almost gone 
out of use since the introduction of railways into the prin- 
cipal levels. 


No. F. 4. — Cornish Horsl Whim. 

Scale, T^th, 1 inch to 1 foot. 

This is the form of applying horse power in general use 
in England. The horses are yoked to tlie ends of two 
radial arms, formed by a large horizontal beam of timber 
passing through a mortice in the upright axle. These anns 
are strengthened by two longitudinal straps or fishes applied 
through about two-thirds of their length. Tlie rope barrel 
is a plain cylindrical cage forined by nailing straight boards 
to the outsides of three horizontal wooden rings, placed 
at different heights, and supported by arms morticed 
through the axle. The lower ring is carried by the top of 
the long beam, and another intersecting it at right angles, 
and the two upper ones by similar cross anns set at an 
angle of 22J degrees to each other. The whole cage is 
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further supported by diagonal struts below the lower ring , 
and resting against the sides of the axle near its lowel* end. 
The shaft is square at the intersection of the long cross bar, ' 
and is chamfered dow'n to an octagonal section, above 
and below, with cylindrical ends, the cylindrical parts 
being tired with wrought-iron rings for securing thd 
hold of the pivots. The framing is formed of two short 
inclined standards, united by a long transverse bar, to the 
centre of which is affixed the bearing of the top spindle. 
The guide pulleys over the top of the shaft are of small 
diameter, the framing giving a clear, head room of about 
8 feet only ; the axis of one is placed a httle higher than 
that of the other, in order that the rope may lead to its 
proper place on the drum. The diameter of the path de- 
scribed by the horses is 36 feet, that of the drum being 
12 feet; the depth or height of the drum, or the receiving 
surface for the ropes, is 56 inches. The kibbles for horse 
whims are estimated to carry 2^ cwt. Round hempen ropes, 
of 6 or 7 inches (circumference), or chains of -j-^ths to ^ inch 
iron are employed. For depths of less than 40 fathoms, one 
horse is sufficient, but two are employed for drawing from 
any greater deptli. The sp6ed at which the load moves in 
the shaft is from 75 to 100 feet per minute, the horses 
during the same time passing over about three times that 
space, or at the rate of about 3^ to 4 miles per hour.* 


No. F. 5 . — Horsi; Whim with Skips. 

Scale, about J of full size. 

The drum or cage of this whim is divided into two parts 
by projecting arms or horns, which serve to confine the 
flat hempen rope to a particular part of the surface, so as 
to wind on a cylinder increasing in diameter at each revo- 
lution by an amount equal to double the thickness of the 
rope. The whim shaft is square ; the arms carrying the cage 
are united by iron straps into a frame overlapping the axle, 
and are not moi*ticed through it as in the preceding example. 
A short diagonal strut is placed between the inner end of 
the arm and the next one at right angles to it. From the 
centre of these diagonal pieces the intermediate arms project. 
The outer ends of the drum horns are supported by 


Moissenet, Annales des Mines, 6 Ser., vol. n., p. 1 55. 



78 


diagonal beams resting against the axle immediately 
abovfe the ground. The ropes are made of four hempen 
strands two with right-handed and two with left-handed 
twists, placed alternately side by side. The dimensions of 
fhe flat ropes, used in Cornwall, vary from 6 inches to 7 
inches in breadth, and from 1:^ to 1 1 inches thick. 


No. F. 6. — German Horse Whim (PferdegOpel). 

Scale, ^V> a iiich to 1 foot. 

The vertical shaft in the German horse whim is of con- 
siderable length ; the rope drums are placed near tlie top, and 
are carried on a platform formed by four arms overlapping the 
shaft, supported at the ends by struts, which are nailed to 
the axle at about one-third of its height above the bottom 
bearing. The lower drum is fastened to the shaft, the upper 
one is loose, and can be connected with the lower one by a 
wooden coupling pin. The brake works on a projecting 
part of the upper drum, and serves either to stop the whim 
when both drums are connected, or the top one only when 
the pin is taken out, which is done when altering the 
amount of rope out in changing the draught from a higher 
to a lower level, or the reverse. The upper drum in this 
case runs on friction rollers on the upper surface of the 
lower one. The bearing of the foot spindle rests upon a 
pair of adjusting wedges on a short pillar of masonry ; to the 
top bearing is attached a horizontal beam, carried by two 
diagonal stmts called spiessbaum, which also support a 
conical roof covering the rope dimms and a gallery project- 
ing from the house above the shaft. The horses are at- 
taclied to a turning bar attached to the lower end of a 
projecting diagonal arm (schwengel) fixed at the upper end 
to the shaft and lower drum, and also supported at about 
half its length by a horizontal strut, which are hung by 
staples to the lower end of the shaft. Two poles with 
spiked ends (schlepspieise) are used to prevent the horses 
being dragged back by the weight of the loaded tub when 
the whim is stopped. The tubs are of a prismatic form, 
resting on rollers between wooden guides on the shaft, and 
are drawn by round wire ropes. The capacity of the tubs 
is about 2,000 cubic inches ; the radius of the path of the 
horses, 19 feet ; the core of the drums, 6 feet ; depth of the 
coil, 13 inches ; the vertical shaft is 23 feet long and 17 
inches square. 

10434. p 



Na F. 7 . — Water Whim with Ukdsroround Wheel, 

USED IN THE HaRZ MiNBS. 

Scales, tV the wheel 

„ for the winding gear. 

This model represents the ordinary arrangement adoptedf 
for a direct acting water whim in the Harz and other Ger- 
man mines. The rope drums are on the same shaft with 
the over-shot water wheel, which is provided with two sys- 
tems of buckets opening in opposite directions, each of 
which is provided with a separate sluice, not shown in the 
model ; the buckets are formed of wood, in two pieces, set 
in wooden shroudings and backings. The framing of the 
arms is that usually adopted in Germany for large wooden 
wheels known as “ Dutch framing ; the ring is carried up 
either side by four principal arms laid in pairs at right 
angles to each other, and overlapping the sides of the square 
shaft, and eight intermediate diagonal arms or struts (hilfs 
armen) which are arranged in pairs forming V's, the apices 
of the V’s resting on the centres of the sides of the shaft. 
One of the rope drums, that nearest to the water wheel, is 
fixed to the shaft ; it is made entirely of wood, the framing 
of the arms being similar to that of the wheel. The outer 
rope drum is loose on the shaft ; it is carried by six cast-iron 
arms on either side, which turn on a pair of cast-iron rings 
keyed on to the shaft. Each of these rings has four square 
holes sunk into it to receive the points of the locking hooks, 
which tuim on a shaft attached to the inside of the cage 
formed by the two sets of arras. These hooks are turned 
by a handle projecting from the outside of the drum, the 
coil of which fits into a catch. There are two brakes ; one 
stops the loose drum when adjusting the amount of rope to 
be paid out ; the other, which is used for stopping the 
wheel, works on a wooden disc placed between the rope 
drums and the water wheel. The journals of the main 
shaft project from a cross formed, by two plates of cast iron 
intersecting at right angles, and surrounded by a ring ; the 
arms of the cross are sunk into mortices in the wood, the 
ring forming an outside tire. This kind of journal is called 
a kreuzzapfen.’^ • 

Diameter of wheel, 29 feet 3 inches. 

Breadth of face, 5 feet 6 inches. 

Diameter of rope drums, 8 feet 6 inches. 

Diameter of brake wheel, 1 2 feet. 

Square of shaft, 1 foot 11 inches. 

Diameter of journals, 6 inches. 
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No. F. 8. — Cornish Water Whim. 

Scale, -rVth. 1 inch to 1 foot 

This is driven by an overshot water wheel, carrying a 
Ijpur wheel of 36 teeth, which gears into a pinion with 16 
teeth on an intermediate shaft, whose journals are made to 
slide laterally in their bearings. Two bevil wheels are fixed 
on to this shaft at a distance jfrom each other, somewhat 
greater than the diameter of the horizontal mitre wheel on 
the upright shaft of the whim. By means of the reversing 
lever, the horizontal shaft can be moved sideways, so as to 
cause one or other of the two lower mitre wheels to drive 
that on the drum shaft, the left-hand one producing forward, 
and the right-hand one backward motion. The drums are 
intended for flat ropes, which are guided by a frame or cage 
with six wooden arms, set in cast-iron seating rings resem- 
bling those of the water wheel. The vertical shaft carries 
a second mitre wheel, which gears into a smaller one on a 
shaft carrying a small fly wheel, serving as a brake drum. 
A strap on the brake shaft drives a pulley on a small shaft 
close to the ground, which lifts a weight passing over a 
roller at the top of a signal board. The path of the weight 
is proportional to that of the kibble in the shaft, so that 
the position of the latter is constantly shown by the place 
of the weight on the board. The buckets of the water 
wheel are made of a single board, an imperfect construction 
giving cells of small capacity •and now rarely employed. 
The load drawn at each ascent of the kibble is about 3^ cwt. 

No. F. 9. — Saxon Turbine Whim. 

Scale, 1 inch to 1 foot. 

This model represents the system of winding adopted at 
the mine of Oberes Neues Geschrei, near Freiberg in 
Saxony. The engine driving the whim is a turbine on 
Schwamkrug’s principle, which differs fiom the earlier 
wheels of this class by having the water admitted through 
a small part of the circumference only, instead of all round, 
as well as being placed vertically, or with a horizontal 
shaft, instead of the vertical one which is generally em- 
ployed for turbines. The effect of these alterations is to 
increase the size of the wheel, as compared with those in 
which the water is passed through all the buckets at once, and 
to diminish the amount of intermediate gearing necessary 

F 2 
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for reducing the speed of the wheel to that of the rope 
drum. The wheel has two rings of buckets, whiih are 
curved in opposite directions, each ring having an indepen- 
dent sluice box; the right hand one produces forward motion, 
the left one backward motion of the rope drum. The water 
is admitted to the wheel in a single jet in a direction tangen«- 
tial to the curve of the bucket. The mouth of the sluice is 
formed of two curved plates, the front one which is move- 
able about a fixed centre, forming a lip which is in contact 
with the hinder plate when the water is shut off, but is nearly 
parallel to it, when the sluice is fully open. The ring of 
buckets is attached by one side to a cast-iron wheel with 
a broad cylindrical tire, forming the brake drum, which is 
supported by six arms on a hollow cast-iron shaft. This 
shaft carries a pinion with 29 teeth, which drives a spur 
wheel with 108 teeth on an intermediate shaft, having a 
pinion of 27 teeth on it gearing into a wheel with 103 teeth 
on the whim shaft. The rope drums are cylindrical, with 
cast-iron frames, the ropes wind on a thin wooden packing. 
The right-hand drum is not keyed fast on the shaft, but 
is connected with it by a coupling bolt passing through an 
eye in the frame, into one of iliree sockets on a triple-armed 
crank fixed to the shaft. 

The loose drum has a special brake, to be used when ad- 
justing the amount of rope out, which can be varied by any 
quantity not less than one-third of the circumference. 

The whole of the machinery is underground, the motion 
of the wheel being govemeQ by the banksmen at surface by 
three rods, of these— 

No. 1 is the forward sluice rod. 

No. 2 the backward sluice rod. 

No. 3 the brake rod, for the wheel. 

No. 4 works the tipping gear for emptying the tubs. 

The brake on the loose drum can only be applied from 
the engine room underground. The direction of the ropes 
is revei*sed by a pair of cast-iron guide pulleys at the 
surface. The shaft is sunk on the vein, dips at an angle 
of 70®; the tubs run upon rollers between wooden 
guides ; they carry a load of about 8-cwt. when filled.. 

The wheel is worked by a column of water 97^ feet in 
height, with a discharge of 75 cubic feet per minute.* 


* Jahrbach fur den Sachs, Berg and Hullermann, 1856. 
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No. W . 10.— Impact Water Whim. By Capt. Samuel 

Reid. 

This is a project for a small wheel, with flat radial blades, 
to be driven by the shock of a column of water. The axle 
is horizontal, and furnished with six radial paddles or float 
boards. The water is laid on at two points of the cir- 
cumference, 45® on either side of the vertical line, through 
two branches from the vertical pressure coJumn, the stream 
being directed through one or other of these passages by a 
cock at the base of the main pipe. The right-hand passage 
serves for forward* and the left hand for backward motion. 
The shaft of the wheel carries a spur wheel with 50 teeth, 
which gears into another with 1 00 teeth on the whim shaft. 
This kind of wheel is occasionally used in the western 
states of America for driving small saw mills, and econo- 
mises but a very small proportion of the entire mechanical 
effect of the water. 

No. F. 11. — Steam Whim at East Wheal Crofty Mine, 
Cornwall. 

Scale, 1 inch to 1 foot. 

This model shows the arrangement commonly adopted in 
Cornwall in winding from shallow shafts by steam power. 
The engine-house is placed near the centre of the ground, 
the outer end of the beam, the connecting rod, and the crank, 
being the only exposed parts of ^he machinery. The drums 
on which the drawing chains are received are fixed hori- 
zontally on a vertical shaft which receives motion from the 
engine by a horizontal bevil wheel at the lower end gearing 
into a vsimilar wheel of equal diameter placed vertically and 
at the end of the fly wheel shaft. The load is drawn by 
single link iron chains. The receiving surface of the drums 
is packed with wood, forming a cj^linder of 4 feet in 
diameter. 

The chains are in single lengths, one for each shaft ; the 
ends are carried over guide rollers and haiig down the 
shafts, having the kibbles attached to them by hooks and 
yokes. Each chain is carried twice round its own section 
of the drum, but is not made fast to it. The diameter of 
the path of the crank, probably equal to the length of stroke 
in the cylinder, is five feet. The wooden drum is sur- 
rounded by a skeleton cast-iron frame or cage with pro- 
jecting horns, for keeping the chains in their proper places. 
The actual distance of the two shafts from the engine, are 
35 fathoms, and 24 fathoms respectively. 
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The ores are brought up in wrought-iron buck^^ts or ‘ 
kibbles, which are drawn through the shafts without the • 
use of guide rods. The mouth of each shaft is closed by 
two trap doors with narrow channels in the middle for the 
passage of the chains ; they rest against inclined seatsi 
and are lifted by the ascending kibble when it comes to the 
surface. The average diameter of the round iron bars of 
which drawing chains employed in Cornwall at the present 
time are made is about tV of an inch, for deep mines with 
steam whims, or tapered chains are sometimes used, in 
which part is of ^ inch and part of 4^* i^ch diameter ; 
the larger size of three-quarters of an inch is but rarely 
used. The average weight of the kibble when empty is 
from 6 cwt. to 10 cwt. ; the load is from 5 cwt. to 7 cwt. 
The working speed in shafts of varying inclination sunk on 
the vein is from 150 ft. to 170 ft. per minute ; a much higlier 
speed may be allowed in shafts where skips or boxes tra- 
velling on wooden rods are employed. 

No. F. 12. — Model of the Surface Arrangements of 
A Newcastle Coal Pit. Presented by Mr. John 
Wales. 

Scale, -jjV* Half an inch to 1 foot. 

This model represents the drawing engine and the 
arrangements for screening and loading the coals usually 
adopted in the large collieries in Durham and Northumber- 
land, where the coals are sent away by railways, either 
directly to market, or to the shipping places on the rivers. 
The different parts are distinguished by letters correspond- 
ing with those on the engraved plate on the table. 

A is the winding engine, it is direct acting, with a 
vertical cylinder, worked by high pressure steam without 
condensation, having the fly wheel and rope drum shaft 
placed above it. The piston rod is guided by Watts 
double lever or grasshopper parallel motion, in which the 
head of the rod is articulated to the centre of a short 
moveable link frame, whose outer ends are connected to 
two beams oscillating aboift fixed centres on opposite sides 
of the engine house. A vertical rod, with tappets for 
working the slide valve, is attached to one beam while 
the rod of the feed pump occupies a corresponding position 
on the opposite beam. The cylinder is supported on a cast- 
iron pillar at a considerable height above the ground. The 
exhaust pipe is carried through a cistern from which the 
feed pump draws its supply, in order to economize a portion 
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of thf heat' of the exhaust steam. Flat wire ropes are used 
for drawing ; they are guided by flat cast-iron cheeks on the 
sides of the drums. The same shaft carries a conical drum 
outside its bearings which works a wagon for lifting the 
small coal to the screening apparatus. The fly wheel has 
a wrought-iron band brake extending over nearly half its 
circumference, which is applied by the pressure of the 
engine-driver’s foot on a treadle projecting above the floor 
of the engine house. 

B, the boilers, two in number, each 30 feet long and 5 
feet in diameter, v^th two parallel fire tubes inside, on 
Fairbaim's principle. 

C, top of the pit. This is a timber platform carried on 
pillars about 16 feet above the natural surface of the 
ground. The guide framing of the pit is prolonged for a 
certain height above it, forming two rectangular divisions 
for the cages ; each side has a pair of catches or keeps for 
supporting the cages when they are at the surface. The 
platform for some distance from the pit is covered with 
cast-iron plates, forming a smooth surface for moving the 
tram waggons on. 

D, the cages. Each of these is formed of three wooden 
platforms maintained at a fixed distance by wrought-iron 
pillars at the comers, making two divisions, each holding 
one of the small railway waggons or tubs, in which the 
coal is brought from the face of the workings, to the surface. 
The tubs are locked in position by catches attached to the 
roof above them. 

E, hydraulic apparatus at the bottom of the pit. This is 
a water balance formed of two vertical cylinders with pistons, 
standing in communication with each other by a tube. 
The piston rods are surmounted by platforms for sup- 
porting the cages when at the bottom of the pit; the 
pistons are further counterbalanced by weights, in such a 
manner, that either platform of the cage may be brought 
to the level of the floor, without moving the drawing 
engine at the surface. 

F, teaming cradles. These are wrought-iron cages 
mounted on trunnions, which hold the tubs when their 
contents are tipped over into the screens. 

G, tubs or underground waggons, carrying 8 cwt. each. 

H, chaldron wagon, of the capacity of 53 cwt. This is 
the common pattern in use, on the north-eastern colliery 
railways, and dates from the time when horse-power was 
employed for drawing, and the waggons required to be 
slung for loading ships alongside the so-called drops or 
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staiths ; latterly, however, three ton waggons and the laige 
six ton straight-sided trucks, common in the midland d^-* 
tricts, have to a certain extent replaced the older form. 

J, J, J, J, screens. These are inclined rectangular riddles 
or grates of parallel iron bars | inch apart, about 18 feet , 
long, and 6 feet broad ; a short length at the lower end is 
hinged to allow of the slope of the discharging surface 
being varied. The descent of the coal is regulated by a 
rectangular door which closes the passage when shut down, 
and is governed by a handle sliding on an inclined bar 
attached to the vertical pillars of the staging. The round 
or large coal is discharged directly into railway waggons ; 
the small coal is collected in hoppers below, the whole of 
the screens communicating by shoots with the discharge 
place at K. 

J, This is a stage for loading coals not requiring to be 
screened ; they are passed directly into waggons on the 
railway below through square apertures covered with sliding 
doors when not in use. 

K, small coal box. It has a sliding door with counter- 
balance weight ; the refuse from the screens is loaded into 
an iron waggon running on an inclined railway, which is 
lifted by the chain passing over the conical drum on the 
drawing engine shaft. 

L, small coal screens. The waggon discharges its con- 
tents through a hinged door in the lower end, which is 
unlocked as the waggon passes up, by a catch placed imme- 
diately below the screens. Tfie second screening establishes 
three sizes of small coal, which are discharged through the 
shoots M, N, O, and are designated according to their sizes, 
as nuts, seconds, and dnff or slack, the latter is used for 
patent fuel or coke making when sufficiently clean. 

Since the introduction of machinery for cleaning small 
coal the price of slack has considerably increased in the 
northern collieries, as the power that it possesses of cJiking 
or binding together when heated renders it available for 
the manufacture of coke. 

PIT FRAMES FOR COLLERIES.— CAGES, GUIDES, 
AND SAFETY CAGES. 

No. F. 12*. — Model of Cages at Cowden Colliery. 

No. F. 13. — Model of Pit Frame and Cages, by Mr. T. Y. 

Hall. 

No. F. 14. — Flat Eope Pit Frame, Newall & Co. 

No. F. 15 . — Bound Rope Pit Frame, W. H. Jordan. 
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No^F. 16 ,— Fobster’s Cages with Iron Guides. 

No. F. 17.— White & Grant’s Safety Catches. 

No. F. 18. — Owen’s Safety Cage. 

’ No. F. 19. — Safety Cage. 

No. F. 20. — Safety Cage and Disconnecting Catch. 
J. K. Hampshire. 

No. F. 21. — Callow’s Safety Cage. 

No. F. 22. — Paull’s Safety Cage. 

No. F. 23. — Van der Hecht’s Parachute des Mines or 
Safety Cage. 

No. F. 24. — Elbe’s Safety Bucket. 


No. F. 25. — Bennett’s Safety Skiff. 

The greater number of the models under the above head- 
ing are arranged along the northern wall of Room B. The 
safety bucket used in Cornwall, No. T. 25 is in the other 
room. No. F. 12* is under the same case with the model of a 
Newcastle coal pit bank in the museum. Pit frames of tlie 
simplest construction are represented in the models of the 
steam whim at East Wheal Crofty, No. F. 1 1 , the common horse 
whim, No. F. 4, and the improved horse whim, No. F. 5 ; in 
each of these instances the guide pulleys for changing the 
direction of the ropes from the liorizontal drum to the ver- 
tical line of the shaft, are attached to a cross bar on the top 
of a pair of simple shears or door post frames, no truss- 
ing or diagonal bracing being necessary, in consequence of 
the small elevation of the guide pulleys above the surface of 
the* ground. In the Saxon mines, where a house with walls 
of solid masonry is usually built over the mouth of tlie shaft, 
the guide pulleys are carried on transverse timbers, resting 
on the horizontal beams of tli^ roof trusses. In collieries 
however, more complex arrangements are necessary, as 
greater head room is required, partly from the fact that the 
guide rollers are of larger diameter, and partly from the 
greater speed at which the load is drawn up, requiring a 
certain extra height for stopping and reversing the motion 
of the cage. This gives rise to shear frames, built up of 
trussed beams with diagonal bracings, with various systems 



of stiffening and bracing between the upri^ts. In co^ienes 
where direct acting engines, with vertical cylinders, having 
the rope drums overhead are used, the upright legs are tied 
back by diagonal beams to the engine house waU. Examples 
of this construction are shown in the model of the Newcastle^ 
coalpit, No. F. 12, and Shipley colliery, No. 2. In a few in- 
stances a further precaution is adopted by the use of striking 
off and supporting catches, which disconnect the cage from 
the drawing rope in case the engine is not stopped in time, 
and leave the load suspended on the guides by the action of 
safety catches. • 

No. F. 13 . — Model of Pit Shaft with Cage and Guides. 
By Mr. T. Sopwith. 

Scale, tV. 1 inch to 1 foot. 

This model was made from a design by Mr. T. Y. Hall 
and represents the earlist kind of cage introduced in the 
North of England collieries, to replace the older system of 
loose tubs or corves. The cage is a square frame of wrought- 
iron, stiffened by rectangular cross bars on the top and on two 
of the sides, with a wooden floor laid with tram rails for 
holding the underground waggon or tub. The drawing rope, 
a flat hempen one, is fixed by a spring hook to a piece of 
single link chain, to which the cage is attached by four 
shorter chains attached to the top corners. The pit guides 
or conductor rods are plain iron bars attached to the faces 
of continuous upright beams, bound together at intervals by 
transverse pieces, upon which the cage is guided in its pas- 
sage by channel irons of i i section projecting from opposite 

sides. The guides are continued on a lighter framing above 
the surface, but are placed on the sides alternating with those 
to which they are affixed in the pit. The ropes are led over 
cast-iron guide pulleys to the drums or cages on the fly-wheel 
shaft of the engine. The framing carrying the pulleys is 
formed of a pair of tall shear legs, slightly inclining towards 
each other, and united by transverse bars at the top, and at 
the ground level. The bearings of the pulleys are placed on 
short horizontal pieces which project at right angles from 
the top of the frame and are supported at their extremities 
by diagonal struts whose inner ends bear against a trans- 
verse bar parallel to the top one, and a short distance below 
it. The whole frame is tied back by two long diagonal beams, 
stayed at about mid-length by a pair of shorter inclined 
beams. 
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No. 14.— Pit Frame with Flat Rope Pulley. Pre- 
sented BY Messers. Newall & Co. 

This is a frame to be used with flat wire ropes in a colliery 
having two shafts with a single cage in each, similar to 
those of Shipley colliery, No. 2. The guide roller is of con- 
siderable size, whose rim is a deep channelled ring of cast 
iron, with rounded bosses at the back, into which are fitted 
the ends of twenty-four wrought-iron arms, springing from 
a central boss of a dumb bell-shaped section. The shaft is 
eight-sided, fittijig ftito a socket of corresponding form in 
the boss of the guide wheel, which is lined with a wooden 
packing, and is secured by four wedges driven in on alter- 
nate faces of the octagon ; the journals run in brass bearings. 
The framing is distinguished by having no top transom or 
cross bar to the principal shear frame. A cross bar, uniting 
the two inclined legs at about one-third of their height from 
the ground, carries two parallel vertical beams, with horizon- 
tal longitudinal bearers projecting at right angles from their 
tops. The horizontal pieces carry the bearings of the pulley, 
and are supported on the outer side (in front of the frame) by 
diagonal struts springing from the faces of the uprights, im- 
mediately above a pair of transverse horizontal bars, whicli 
bind the whole of the standing parts together, placed 
about midway between the top of the frame, and the cross 
bar carrying the two uprights. The whole of the upright 
part above described is braced back by two long inclined 
bars fixed, at the top to the sides of the inclined legs, and 
at their lower ends to a transverse horizontal beam, which 
is supported on struts a few inches above the ground, at a 
distance of several yards from the pit. 

No. F. 15 . — Pit Frame. By Mr. W. H. Jordan. 

Scale, -xV- 1 iiich to 1 foot. 

The principal legs and long back rods in this model, ai-e 
united together into two triangular frames by horizontal 
beams laid on the ground parallel to the line of the rope 
leading from the pit to the dmm. The bearings of the two 
guide rollers are carried on four parallel horizontal beams, 
united into a kind of grating by cross pieces at either end ; 
this grating being supported under the centre of each bar, by 
the apices of the principal triangular frames, and two shorter 
intermediate frames, the latter being carried on horizontal 
bars, uniting the principal legs and the back braces together 
transversely; these intermediate bars are supported on a 
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bracing of diagonal pieces. The top frame is tied t^ the 
large hinder braces by wrought-iron tie rods, acting against 
short diagonal struts. The guides or conductor rods for the 
cages are carried up to the top of the frame, and a striking- 
off piece for the disconnecting catch is fixed to the under 
side of the front cross bar. The guide rollers have deep V 
grooved rings, being intended for use with round wire ropes, 
supported by wrought-iron arms arranged in two series, 
one comprising plain straight rods springing from the centre 
of the cylindrical boss, which alternate with the others, 
formed of pairs of rods inclining together from the opposite 
sides of the boss, and meeting under the centre of the back 
of the ring. The pit is of an elliptical form, giving 
room for two cages, which are made of wood, closely boarded 
on two sides, with semi-cylindrical arched heads or bonnets ; 
and of sufficient size to carry one small tram waggon. The 
safety catches, placed immediately below the guide channel- 
irons, consist of levers with plain gripping jaws on the 
shorter anns, wliicli are kept away from the conductor rods, 
as long as the chains by which the cage is attached to the 
ro])e are drawn taut ; and are pressed home against the sides 
of the rods by the action of vulcanized india-rubber springs, 
as soon as the chains slacken, whether from breakage of the 
rope, or any other cause. The roof over the cage is in- 
tended to protect the contents from being damaged by the 
falling rope if a breakage takes place. A cylindrical rope 
drum is placed within the engine house attached to the 
model, but no special details 6f the construction of drawing 
mechanism are indicated. 

No. F. 16. — Cages. By Mil. G. B. Forster. 

Scale, -yV. 1 inch to 1 foot. 

This is a system to be used in drawing largfe loads; the 
cages carrying four tram waggons on two floors, are made of 
flat wrought-iron bars with diagonal bracings, with wrought- 
iron roof and platforms, and are suspended by six short chains, 
one from each of the four corners and two from the centres 
of the long sides. These chg^ns are united together by a 
wrought-iron eye bolt, to which the end of the drawing rope 
is made fast. The conductor rods are applied on one side of 
the cage only, that is on the outer long side ; instead of 
wooden rods, a pair of single-headed or broad foot rails are 
used ; they are kept parallel by cross bars or sleepers, with 
chairs or clips holding the lower flanges, fixed to wooden 
bearers placed G feet apart through the entire depth of the 
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pit. The cage is guided on the top webs of the rails by 
three^pairs of curved or crescent-shaped slides, rivetted on 
to the side bars at the levels of the roof and the two 
platforms respectively. A round iron-wire rope is used, 
capable of drawing a load of about 95 cwts. 

No. F. 17. — White and Grant's Patent Safety Catch, 
WITH Disconnecting Hook. 

Scale about of full size. 

The cage in this model is a simple stirrup frame, with a 
platform laid with Fails for carrying two wagons side by 
side. The top bross bar is of a double X plan, the central 
part of the transverse webs forming a guide against the 
inner faces of the rectangular conductor rods, while the 
projecting ends are bored through, forming sockets for a pair 
of horizontal shafts, to which the safety catches are fixed. 
Each of these shafts has a grooved wheel keyed on to it at 
the centre, over which runs a chain for turning it outwards 
when the engine is drawing ; a coiled steel spring turns it 
in the opposite direction. The catches are attached outside 
the bearings of the shaft ; they are eccentric discs, pro- 
longed in to curved smooth tails ; a portion of the circum- 
ference near the greatest diameter is scored with a number 
of sharp teeth parallel to each other. When the rope is 
drawing, th3 chains turn the catches outwards, the counter 
springs being compressed, and the smooth tails guide the 
cage on the sides of the conductors ; but when the traction 
ceases, the springs expand, and, turning the catches, bring 
the toothed parts of the discs into contact with the rods, 
and taking firm hold, bring the load to rest immediately. 
The chains for lifting the catches are attached to a square 
bar, passing through a guide socket of corresponding section 
fixed above the top bar of the frame. The end of the rope 
is fixed to a plug with a rectangular slot cut through it, 
which fits into a similar socket above the guide bar. The 
plug is locked in position by a hook with a projecting tail. 
The disconnection of the cages in case of overwinding, is 
effected by the projecting tail striking against the top of the 
firaming, when the hook is drawn backward in a manner 
exactly similar to the lifting oT the hammer of an ordinary 
gun lock. 

No. F. 18 .— Owen's Patent Safety Cage. 

Scale, tV- 1 i^ch to 1 foot. 

In this model the cage is a simple frame of four upright 
bars, united by transverse pieces carrying two plain channel 
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guides on each of the conductor rods. A pair of wrought- 
iron plates^ 11 inches deep and half an inch thicl', are 
attached to the sides of the cage midway between the 
guides ; each carries two levers, whose shorter arms are ter- 
minated by edges or combs of fine teeth, for fitting into the 
conductor rods. The longer arms of the levers are connected 
by means of a system of jointed rods with the drawing rope ; 
the teeth are forced into the rods when the rope slackens by 
the action of bent springs, which press down the longer 
arms. The distance through which the levers move is deter- 
mined by curved guard plates with stops covering the longer 
sides. This apparatus has been adopted in ^several collieries 
in Lancashire. In one case a load of two tons, moving at 
the rate of 10 feet per second, was brought to rest in a 
distance of three feet, after the breaking of the rope ; in 
another case loads of 15 cwt. and 41 cwt. were stopped 
after a fall of 1 J and 2^ inches respectively. 

No. F. 19. — Safety Cage and Disconnecting Hook. 

This cage is very similar to the last, having a pair of 
toothed catch levers on each side, which are lifted by the 
rods to which the rope is attached, and are brought into 
action by a curved bar spring placed transversely and below 
the roof of the cage. Tlie disconnecting hook by which 
the rope is attached to the cage, is formed of two hinged 
plates, increasing in width from above downwards, and ter- 
minated by straight pieces with studs projecting at right 
angles. The top of the cage carries a square link, into 
which the straight ends of the hook are fitted ; a spring be- 
tween the two plates keeps the projecting studs pressed out 
into notches cut into the sides of the link. The drawing 
rope passes through a ring fixed to the top of the pit 
framing, whose diameter is not sufficient to allow of the 
plates passing through, as long as they are pressed asunder 
by the spring ; but if the engine is not stopped in time, the 
plates are driven together by the pressure of the ring, which 
compresses the spring, and the link falls off, leaving the 
cage disconnected, to be supported by the catches. 

• 

No. F. 20. — Safety Cage, with Disconnecting Catch. 
By James Ka.ye, Hampshire, Whittington Collieries, 
near Chf,sterfield. 

The cage in this model has two platforms for carrying 
tram waggons, the catches are of the lever form similar to 
those in Nos. F. 18, 19, but they have plain cutting edges 
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instead of teetb^ the springs for applying them are . plain 
curved bars below the upper platform. The discon-* 
necting hook is a very simple arrangement, which is 
closed when in use by the weight of the cage ; it consists 
of two bars of wrought iron jointed together like a pair of 
©cissors ; the lower ends are connected by rings with the 
drawing bars of the cage ; the upper ones are bent round 
into hooks, with overlapping jaws, which pass through 
a link at the end of the rope, forming a loop when closed. 
Each hook has a projecting tail, which, when the rope is 
overwound, strike against the top of the fiaming, and draw- 
ing the two sides apart, disconnect the rope from the cage. 

No. F. 21. — Calow’s Safety Cage, with Disconnecting 

Catch.* 

This cage is distinguished by the peculiarity of the 
catches not coming into action during any temporary 
slacking of the rope, but only when the load is actually 
falling. The disconnecting hook is similar in principle to 
that of No. F. 19 ; to the end of the rope is attached a pair of 
hinged bars with notched ends ; these notches bear against 
the sides of a curved link frame, by means of an inner pair 
of similarly hinged bars attached to the top of the cage, 
which are pressed outwards against the former ones by an 
india-rubber spring. The cage has a tall pyramidal roof, 
underneath which the mechanism of the catches is placed. 
They are worked by a coiled spring, which is compressed 
between a loaded cap and the •cross bar carrying the top 
pair of guides, when the rope is drawing ; but expands, and 
drives out the toothed arms of the catch levers, when the 
rope is disconnected. 

No. F. 22. — Safety Cage. By Mr. Paull, Moor-master, 

Alston. 

This cage differs from all the preceding ones by the 
absence of springs from the safety apparatus, the catches 
being applied by the weight of the loaded tub. The 
framing to which the guides on the conductor rods are 
affixed, is united by transverse^ round bars, serving as the 
centres for the catch levers ; the loaded waggon or tub stands 
on a platform, which is suspended by ro^ from the longer 
arms of the catch levers, as are also the drawing chains. 


• 8myth in Johnson's Record of Bxhibition of 1862, p. 163. 
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When the rope is drawing the levers are turned upward, 
the wagon being lifted into its highest position. ^When 
the rope breaks the platform falls and brings the cutting 
ends of the lever against the rods. 

No.F. 23. — ^Vander Hecht’s Safety Cage or Parachutk 

This model represents ah early form of safety cage con- 
structed in Belgium. The catches are two jointed wooden 
beams, with toothed pieces of steel fixed in grooves at their 
outer ends ; they are pressed out by two bar springs, fixed 
one on each side, which act on a central holt, and are lifted 
by a long link at the end of the chain which draws on the 
same bolt. The ends of the top cross bar of the cage ^are 
provided with friction rollers, which mn on the inner faces 
of the conductor rods, instead of the channel guides used in 
all the preceding examples. 

No. F. 24. — Safety Bucket for Mines. By Robert 
Blee, Redruth. 

In this model, which was exhibited at the Exhibition of 
1851, a rectangular bucket or kibble is represented, having 
two arms with triangular heads or crooks projected from a 
cross bar at the top. The crooks are driven outward by 
springs when the i*ope slackens, so as to take hold on the 
staves or rounds of two continuous ladder ways fixed oppo- 
site to each other on the shorter sides of the rectangular 
shaft. The opposite side of the model shows a modification 
of the same principle, in which a series of triangular steps 
corresponding in form to a reversed position of the crooks 
are substituted for the ladder ways. This system is not 
known to have been adopted in practice. 

No. F. 25. — Rennet’s Patent Safety Skiff. 

Scale, A 2*4 inches to I foot. 

This is an application of the safety catch, to the bucket 
or kibble employed in metalliferous mines, in which the 
shafts are sunk at irregular inclinations. The skiff is a 
WTOught-iron box of rectangular section, obliquely cut off 
at the mouth, with the bottom also put on obliquely and 
nearly parallel to the mouth, giving it a rectangular front 
and back, and sides of a trapeziform figure. Two cross 
bars with projecting ends are fixed to the back of the skiff, 
forming guides m the vertical parts of the shaft ; in the in- 
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dined, parts, it is supported by two pairs of large rollers, 
which run ou the faces of the conductor rods. The drawing 
chain is fixed to a wrought-iron crutch with forked ends, 
which are connected with the skiff, by cross bolts passing 
I through elliptical holes in two pieces projecting above its 
top edge. The safety catches are toothed levers, working • 
on the same centres, as the top pair of guide wheels ; they 
are drawn off the conductors by connecting rods articulated 
to the centre bolts of the drawing crutch, and are made to 
take hold, by a pair of coiled springs bearing against two 
pieces of angle ^on projecting from the centre of the sides. 
The fi’ont of the skiff is divided into two parts, which are 
hinged together by a transverse bolt ; the lower part forms 
a door opening outwards, giving an aperture for discharging 
the contents equal in area to the mouth ; by this system the 
necessity of tipping the bucket for discharging the load 
is avoided. This system is in use at South Wheal, Frances’ 
mine, in Cornwall. The same class of skiff is shown in the 
horse whim, No. F. 5, but without the safety catches. 

No. F. 26.— Underground Winding Machine. By 
Mr. Anthony Rouse. 

Scale, -nr- ^ 1 foot 

This contrivance has been in use at the mine of Wheal 
Friendship, near Tavistock, since the year 1841, for draw- 
ing materials from one level io another, the power being 
taken off the main pump rods, which are moved at an 
uniform velocity by a water wheel. The drawing chain 
is received on a cylindrical reel or drum with projecting 
flanged sides ; a spur wheel with 24 teetli is flxed on the 
same shaft. One of the beams carrying the bearings is move- 
able about an hinge joint at one end, so that the drum may 
be lifted by a system of levers in order to bring the outer 
flange or cheek in contact with a fixed brake-block attached 
to a cross timber over head. The large spur wheel. No. 1, 
on the drum shaft forms the uppermost of a train of three, 
placed in the same vertical plane, the lower ones. Nos. 2 
and 3 being equal in diameter, %nd somewhat smaller than 
the top one ; they are supported on horizontal axes, to which 
they are connected by ratchet couplings placed within their 
bosses. The satue shafts carry two other wheels. Nos. 4 
and 5, which are moved by a rack fixed to the pump rod. 
The ratchet wheels have each three spring catches or pauls, 
and are arranged to work in opposite directions, so that the 
upper wheel turns with its shaft forward, but runs loose 
10434. a 
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clineil parts, it is supported by two pairs of large rollers, 
wliicli run on the faces of the conductor rods. The drawing 
chain is fixed to a wrought-iron crutch with forked ends, 
which are connected with the skiff, by cross bolts passing 
» through elliptical holes in two pieces projecting above its 
top edge. The safety catches are toothed levers, working 
on tlie same centres, as the top pair of guide wheels ; they 
are drawn off the conductors by connecting rods articulated 
to tlie centre bolts of the drawing crutch, and are made to 
take hold, by a pair of coiled springs bearing against two 
pieces of angle ij"on projecting from the centre of the sides. 
The front of the skiff is divided into two parts, which are 
hinged together by a transverse bolt ; the lower part forms 
a door opening outwards, giving an aperture for discharging 
the contents equal in area to the mouth ; by this system the 
necessity of tipping the bucket for discharging the load 
is avoided. This system is in use at South Wheal, Frances’ 
mine, in Cornwall. The same class of skiff is shown in the 
horse whim. No. F. 5, but without the safety catches. 

No, F. 26. — Underground Winding Machine. By 
Mr. Anthony Rouse. 

Scale, 3 inch to 1 foot. 

This contrivance has been in use at the mine of Wheal 
Friendship, near Tavistock, since the year 1841, for draw- 
ing materials from one level another, the power being 
taken off the main pump rods, which are moved at an 
uniform velocity by a water wheel. The drawing chain 
is received on a cylindrical reel or drum with projecting 
flanged sides ; a spur wheel with 24 teetli is fixed on the 
same shaft. One of the beams carrying the bearings is move- 
able about an hinge joint at one end, so that the drum may 
be lifted by a system of levers in order to bring the outer 
flange or cheek in contact with a fixed brake-block attached 
to a cross timber over head. Tbe large spur wheel. No. 1, 
on the drum shaft forms the uppermost of a train of three, 
placed in the same vertical plane, the lower ones. Nos. 2 
and 3 being equal in diameter, ^nd somewhat smaller than 
the top one ; they are supported on horizontal axes, to which 
they are connected by ratchet couplings placed within their 
bosses. The satne shafts carry two other wheels. Nos. 4 
and 6, which are moved by a rack fixed to the pump rod. 
The ratchet wheels have each three spring catches or pauls, 
and are arranged to work in opposite directions, so that the 
ti|^r wheel turns with its shaft forward, but runs loose 
10484. G 
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When the rope is drawing the levers are turned upward, 
the wagon being lifted into its highest position. ^When 
the rope breaks the platform falls and brings the cutting 
ends of the lever against the rods. 

No.F. 23. — ^Vander Hecht’s Safety Cage or Parachute. 

This model represents an early form of safety cage con- 
structed in Belgium. The catches are two jointed wooden 
beams, with toothed pieces of steel fixed in grooves at their 
outer ends ; they are pressed out bj^ two bar springs, fixed 
one on each side, which act on a central holt, and are lifted 
by a long link at the end of the chain which draws on the 
same bolt. The ends of the top cross bar of the cage are 
provided with friction rollers, which run on the inner faces 
of the conductor rods, instead of the channel guides used in 
all the preceding examples. 

No. F. 24. — Safety Bucket for Mines, By Robert 
Blee, Redruth. 

In this model, which was exhibited at the Exhibition of 
1851, a rectangular bucket or kibble is represented, having 
two arms with triangular heads or crooks projected from a 
cross bar at the top. The crooks are driven outward by 
springs when the rope slackens, so as to take hold on the 
staves or rounds of two continuous ladder ways fixed oppo- 
site to each other on the shorter sides of the rectangular 
shaft. The opposite side of the model shows a modification 
of the same principle, in which a series of triangular steps 
corresponding in form to a reversed position of the crooks 
are substituted for the ladder ways. This system is not 
known to have been adopted in practice. 

No. F. 25. — Rennet’s Patent Safety Skiff. 

Scale, A. 2*4 inches to 1 foot. 

This is an application of the safety catch, to the bucket 
or kibble employed in metalliferous mines, in which the 
shafts are sunk at irregular inclinations. The skiff is a 
wrought-iron box of rectangular section, obliquely cut off 
at the mouth, with the bottom also put on obliquely and 
nearly parallel to the mouth, giving it a rectangular front 
and back, and sides of a trapeziform figure. Two cross 
bars with projecting ends are fixed to the back of the skiff, 
forming guides in the vertical parts of the shaft ; in the in- 
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dined parts, it is supported by two pairs of large rollers, 
which run on the faces of the conductor rods. The drawing 
chain is fixed to a wrought-iron crutch with forked ends, 
which are connected with the skiff, by cross bolts passing 
I through elliptical holes in two pieces projecting above its 
top edge. The safety catches are toothed levers, working • 
on the same centres, as the top pair of guide wheels ; they 
are drawn off the conductors by connecting rods articulated 
to the centre bolts of the drawing crutch, and are made to 
take hold, by a pair of coiled springs bearing against two 
pieces of angle yon projecting from the centre of the sides. 
The front of the skiff is divided into two parts, which are 
hinged together by a transverse bolt ; the lower part forms 
a door opening outwards, giving an aperture for discharging 
the contents equal in area to the mouth ; by this system the 
necessity of tipping the bucket for discharging the load 
is avoided. This system is in use at South Wheal, Frances’ 
mine, in Cornwall. The same class of skiff is shown in the 
horse whim. No. F. 5, but without the safety catches. 

No. F. 26. — Undergeound Winding Machine. By 
Mr. Anthony Kouse. 

Scale, -x^. 1 inch to 1 foot. 

This contrivance has been in use at the mine of Wheal 
Friendship, near Tavistock, since the year 1841, for draw- 
ing materials from one level io another, the power being 
taken off the main pump rods, whi(di are moved at an 
uniform velocity by a water wheel. The drawing chain 
is received on a cylindrical reel or drum with projecting 
flanged sides ; a spur wheel with 24 teeth is flxed on the 
same shaft. One of the beams carrying the bearings is move- 
able about an hinge joint at one end, so that the drum may 
be lifted by a system of levers in order to bring the outer 
flange or cheek in contact with a fi.xed brake-block attached 
to a cross timber over head. The large spur wheel, No. 1, 
on the drum shaft forms the uppermost of a train of three, 
placed in the same vertical plane, the lower ones. Nos. 2 
and 3 being equal in diameter, ^nd somewhat smaller than 
the top one ; they are supported on horizontal axes, to which 
they are connected by ratchet couplings placed within their 
bosses. The satne shafts carry two other wheels. Nos. 4 
and 5, which are moved by a rack fixed to the pump rod. 
The ratchet wheels have each three spring catches or pauls, 
and are arranged to work in opposite directions, so that the 
upper wheel turns with its shaft forward, but runs loose 
10434. o 
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when the racked wheel is turned backwards, and the reverse 
holds good with the lower one. The effect of these arrange- 
ments is as follows : — When the rod makes its up stroke the 
top outer wheel No. 4 carries No. 2 round with it, which 
acts on the large wheel No. 1 on the drum shaft, at the* 
same time No. 3 is being turned by No. 2 in the direction 
in which it revolves loosely, and therefore moves indepen* 
dently of No. 6, which is moved by the racked rod in the 
opposite direction. At the change of the stroke on the 
descent of the rod the lower wheel No. 5 becomes the driver, 
carrying No. 3 round with it. No. 2 now runs loose, but 
from its position forming the intermediate wheel in the 
train, and drives the large wheel on the drum in the same 
direction that it did during the up stroke. It will thus be 
seen that whatever wheels are in gear the drum always 
turns in the same direction, so that the machine cannot be 
made with two kibbles to wind in both directions, one being 
raised while the other is falling. It is therefore necessary to 
sling the drum, and to provide disengaging gear for sliding 
the outer wheels out of gear with the rack ; the kibble is 
then lowered wdth the help of the brake. There are three 
of these machines in use, placed between 180 and 190 
fathoms below the surface ; they draw a net load of about 
5 cwt. through height of from 40 to 60 fathoms. 

Nos. F. 27-43. — Drawing Chains used in South Staf- 
fordshire. 

The chains in this series are of three different characters, 
viz., with long links of a rectangular section throughout, as 
in No. 1 ; with long links, partly of rectangular and paiiily 
of circular section, as in Nos. 2 to 6 ; and ordinary oval link 
chains of round iron, as in Nos. 7 to 16. No. F. 27 is called 
a flat rivet chain ; it resembles a watch cliaiu, in which 
rings are substituted for plate links ; it is made of alternate 
series of tliree and two links placed side by side, each link 
is 4^ inches in extreme length, and 1;^ in breadth, and 
is made of rectangular iron of an inch broad and ^ inch 
thick ; the latter series are covered by side plates, giving 
bearings for the rivet heads on the bolts, by which the two 
series are articulated together, the weight of the ohain is 
21 lbs. per yard, and its breaking strain is 21^ tons. Nos, 
F. 28, 29, 31, and 32, are wood and stub flat chains made 
of three long link chains placed side by side, the inside of 
each link being filled up with a piece of hard wood secured 
by nails driven in at the edges. The sides of the links are 
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flat, Jheir ends are of circular section, the stubbed parts are 
joined together by links of a similar form, but only about 
half the length, the narrow part of the iron being turned 
outwards, the broad part forming the thickness of the chain ; 

I they are all precisely similar in construction, but vary in 
dimensions as follows : — 



No. 

Breadth of flat 

Breadth of 

Thickness 

Weight, 

Breaking 


of Link. 

Chain. 

of Chain. 

per yard. 

strain. 



// 

ft 

ff 

lbs. 

tong. 

F. 

29 - 

- i - 

•• 4| - 

- If - 

- 28 - 

- 30 

?» 

30 - 

- A - 


- H - 

- 23 - 

- 23 

»» 

31 - 

- i 

- ^ - 

- H - 

- 18 - 

- 184 


32 - 

• tV “ 

- 3| - 

- - 

- 15 - 

- 124 

a 

33 - 

- 1 - 

- 3 - 

8 - 

- 10 - 

- 10| 


The following are the dimensions of the round chains : — 


No. 


Diameter 
of Iron. 

Thickness, 
of Link. 

Weight, 
per Yard. 

Breaking 

strain. 



ft 


lbs 

tons. 

F. 

34 - 


- 1 

* 24- 

- 2| 

» 

35 - 

- I - 

- H - 

- 4I- 



36 - 

• iV ■ 

- G - 

- c - 

- 

f) 

37 - 

- i - 

- ij - 

- 8 - 

- 8 

7) 

38 - 


- if - 

- 10 - 

- 10 

ti 

39 - 

- 1 - 

- 2 

- 12 - 

- 124 

» 

40 - 


- 2^ - 

- 14 - 

• 144 


41 . 

■ 1 ■ 

• * 

- 17 - 

- 19 


42 - 

- 1 - 

“ - 

- 21 - 

- 22 


43 - 

- 1 - 

■ ^TF ’ 

- 27 - 

- 264 


The working load of a chain is from ^ to J of its breaking strain. By the 
Act 23 & 24 Viet. c. 151, single link chains are not allowed to be used as 
drawing chains in collieries. 

Hempen drawing ropes — • 

• E-ound ropes : 

No. F. 44 4 inches (circumference), weight 4 J lbs. per fathom. 

7 } 45 5 „ ,, ,, 52 ,, 

J> „ „ ,, 9^ y, 

,, 47 y, ,, 1, I'l 1, 

Flat rope : 

No. F. 4. 85 inches wide \ q. 

1;^ „ thick J » - • 

No. 49. Wrought iron cap and coupling bolt for flat 
hempen rope. 

Flat wire rope : 

No. F. 50. 3| inches broad \ weight 15j lbs. per fathom, working 

I „ thick J load 93 cwt. 

No. F. 51.— Wire Ropes, made and presented by 

Messrs. E. & S. Newall & Co., Gateshead-on -Tyne. 

This series is fixed on a large board placed above the 
fire-place in the large room A. It includes examples o£ all 
sizes of round ropes from the smallest signal cord to the 

G 2 
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largest suspension-bridge cable, together witli twft flat 
colliery ropes, and several kinds of splices and eyes adapted 
for ships’ standing rigging. In addition there are speci- 
mens of the principal telegraph cables made by this firm, 
and three remarkable wire-rope rings or grummets. 

No. F. 52. — Model of Self-acting Inclined Plane at 

UpLEATHAM, in yORKSHIRE, PRESENTED BY MESSRS. 

J. & J. W. Pease, & Co. 

(• 

Scale, about Vt of f'lU siaie. 

The Upleatham mines are situated near Guisborough, in 
the North Riding of Yorkshire, in one of the lower northern 
escarpments of the Cleveland hills. The ore, whicli belongs 
to the Middle Lias or Marlstone series, is a carbonate of iron 
containing from 25 to 35 per cent, of metallic iron, with 
a proportion of silica larger than is usual in the class of 
argillaceous ironstones ; it also contains large quantities of 
fossil shells of the genera Pecten and Avicula, and is coloured 
green, probably by the presence of a hydrated silicate of 
protoxide of iron. Under the name of the Main Cleve- 
land seam the deposit has been traced over a large extent 
of country with a variable thickness. At Upleatham (as is 
shown in the section placed above the case) it forms 
a bed of from 12 to 14 feet in thickness, divided into two 
unequal parts by a parting^from 6 to 7 inches in thickness, 
containing a large quantity of iron pyrites known as the 
sulphur band, which is used for the manufacture of sulphuric 
acid. The upper bed having a thickness of 3 feet is left to 
form the roof of the workings ; the remainder of the seam, 
measuring from 8 to 10 feet, is taken away by a kind of 
pillar working, as shown in the part of model nearest to the 
wall. The headways or galleries are driven 9 feet wide and 
90 feet apart, from which at intervals of 30 feet boards, or 
cross levels 15 feet wide are excavated, giving rise to a 
series of pillars 90 feet long by 30 feet in width, which are 
subsequently removed with a loss of only 10 per cent, of 
their contents ; so that urider the most favourable circum- 
stances the whole of the stone, to within 7^ per cent., can 
be brought away.* 

At Upleatham the outcrop of the bed extends in a 
nearly straight line east and west along the face of tlie hill 


♦ -T T. -RaH HifltArv of the Trade. &c., of the Tyne, Wear, and Tees, p. 62. 
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for more than a mile, the principal headways being driven 
at right angles to the cliff towards the dip flf the seam, 
The ore is drawn to the surface in small railway waggons 
called waggonettes,'' marked M. in the model, by single 
strand iron wire ropes, winding on to vertical drums worked 
' by a high-pressure engine at H. 

— There are two of these engines on the mine, they are 
placed about three-quarters of a mile apart, and are united 
together by a railway, along which the waggonettes are 
drawn by locomotives to the head of the incline ; these lines 
are all of 20 inches width of gauge. 

The loaded waggonettes after passing over the weigh- 
bridges at A are taken to the tipping cages C and D ; these 
are fixed on either slope of a deep level cutting at the head 
of the incline. The cage is a shallow pan of wrought iron 
closed in from slipping on a central pivot, and having a 
brake drum and strap brake on one side below it ; the one 
is discharged into an inclined wooden trough lined with 
wrought-iron plates, and closed at the lower end by a 
door turning about a horizontal axis. Each trough is 
capable of containing the contents of several of the small 
waggons, and supplies the larger three ton waggons marked 
M, on the railway, below. The door at the lower end is 
opened by the pressure of the masses of ore acting against 
a counterbalance weight at the end of a lever ; the amount 
of opening is regulated by a drum with a brake strap 
similar to that on the tipping cradle, which is worked by 
a handle from above. The los^ed waggons are formed into 
trains and lowered on the inclined plane by the drum F, 
which has a pair of cast-iron cylindrical barrels, with deep 
cheeks at the side, forming the discs for the brakes, which 
are wrought straps applied by a handle in front ; the rope 
drawing the ascending train of empty waggons winds on to 
one drum at the same time as that lowering the full train, 
is paid off from the other. The incline is connected by a 
short line of about a mile in length with the Saltburn 
branch of the Stockton and Darlington Railway, near 
Redcar, giving access to all the iron works on the shores 
of the Tees in the neighbourhood of Middlesborough, and 
with those on the Tyne by tlfe North-Eastern system of 
railways. 

The amount of Cleveland ore carried on the Stockton 
and Darlington railway for the consumption of the furnaces 
in the immediate vicinity of Middlesborough exceeded 
600,000 tons in the year 1863. 



gRANES, HOISTS, AND LIFTS. 

This section includes examples of machines for lifting 
or lowering weights through small heights. 

No. F. 53. — Model of a Crane for Shipping Large ^ 
Blocks of Stone. 

This crane is used at the sandstone quarry of Redhall, 
near Edinburgh, for loading large blocks of stone into 
barges on the Edinburgh and Glasgow canal. It is of a very 
simple construction, being made up of two parallel wooden 
frames, each having an upright pillar, w;ith a long pro- 
jecting horizontal arm at the top, which is stayed under- 
neath, at about mid length, by a diagonal strut resting 
against the upright pillar. The parallel beams forming 
the pillar are joined at the top by a block of wood with a 
projecting part, into which the upper journal is bedded. 
At the outer end of the horizontal arm is fixed an arched 
piece of iron, carrying the bearing for one end of a long 
horizontal screw, the opposite end being supported by a 
framing attached to the pillar. A line of rails is laid 
along the top of the horizontal beams, upon which a 
carriage travels whose motion is governed by the hori- 
zontal screw above it. The lifting chain is made fast to a 
hook on the cross bar at the end of the horizontal arm 
and passes down in a loop with a loose block and hook 
through two guide rollers on the carriage ; the load being 
lifted by winding the inner end on to a plain windlass 
barrel, fixed to the inner side of the pillar near the ground. 
The load is moved along the horizontal arm by the top 
liorizontal screw, which is connected with an upright shaft 
passing up the middle of the pillar, having a horizontal 
bevil wheel at the top gearing into one or other, of two 
vertical wheels by means of a sliding clutch, so as to pro- 
duce either forward or backward motion. The upright 
driving shaft is moved by a screw and worm wheel at the 
bottom. The whole crane is turned about its upright axis 
by bevil gearing wheels fixed to the lower end of the pillar 
below the gi*ound level. All the three motions are worked 
by steam power, bj^ mean» of the projecting horizontal 
shafts which in the model have their driving pullej^s 
removed. 

Nos. F. 54-55. — Models of Apparatus for Shipping Coal. 
Presented by Messrs. Vivian and Son. 

These are used in loading ships with South Wales steam 
coal for export, a material which it is necessary to deliver 
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as free as possible from small fragments. In No. F. 54 
the railway wagon is mn out on to a stage, •slung by flat 
ropes at the four corners, capable of being moved perpen- 
dicularly, and guided by slides, fixed to the face of the quay 
wall. The ropes run over guide pulleys on the top framing, 
and wind on to cylindrical drums, having other flat ropes 
on them connected with balance weights, which coil in the 
opposite direction. The weight of the loaded wagon being 
somewhat in excess of the counterbalance, the platform 
descends, winding up the weights as it falls ; when the 
wagon is emptied the preponderance is on the inner 
side, so that thQ weighted ropes unwind from their drums, 
and, by so doing, bring back the platform to the level of 
the fixed railway above. A 'pair of large spur wheels fixed 
to the drums, gear into a pinion on a shaft, carrying two 
fly wheels, which are provided with wrought-iron brake 
straps, for regulating the speed of the descending load. 

No. F. 55 is a somewhat similar apparatus, in which the 
coal is contained in a rectangular wrought-iron box, with 
hinged doors at the bottom, slung at the end of a crane 
with an expanding jib, which can be drawn up to a vertical 
position for taking the load off* the railway truck, and 
lowered out over the wharf wall by chain tackles, governed 
by a combination of balance weights, and a geared windlass, 
with clutch couplings, fixed below. The latter is used for 
lifting the load from the truck to a sufficient height to clear 
the wharf, and the former are used in lowering it into the 
hold of the ship. There are also fly wheels, with strap 
brakes, provided for moderating the speed of the descent, 
as in the former example. 

Nos. G. 1-2.— MODELS OF SHIPLEY COLLIERY. 

Presented by Messrs. Woodhouse tfc Jeffcock. 

No. G. I. — General Model of the Underground Work- 
ings AT THE WoODSIDE PiTS, ShIPLEY CoLLIERIES. 

Scale, -j4ir> 1 ^ to 1 inch. 

No. G. 2.— Model of Surface Arrangements at the 
W ooDsiDE Pits, and IfETAiLs of the Method in 
which the Coal is cut. 

Qi , J for workings, about Vir of full size, 
ca es I surface, about ^ of full size. 

The larger model represents a portion of the workings 
of Shipley colliery, which is situated in the southern part of 
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the Derbyshire coal field, about seven miles north-east of 
Derby, on the western side of the Erewash valley. ♦ The 
topography of the surface is shown in minute detail. The < 
whole of the ground above the plane of the seam worked is 
suspended by balance weights at the four comers. The 
position of intermediate coal seams and other measures « 
being represented in the sections along the edges. The 
surface represented includes about 500 acres, over which 
the beds are arranged in a flat basin-shaped form, dipping 
gently from either side towards the centre, the levels being 
slightly altered by four nearly parallel faults, crossing the 
model in a nearly north and south link The reservoir in 
the centre supplies the Millbrook branch of the Erewash 
canal, by which the colliery communicates with the Trent 
navigation, near Long Eaton. A branch railway from the 
pits also communicates with the Erewash Valley branch of 
the Midland Railway. 

The coals worked in these pits are the seventeenth and 
eighteenth seams in descending order, called the “ Bottom 
soft/^ a house coal, and the Bottom hard,'* a locomotive 
and .smelting coal ; the former is 3 feet 4 inches thick, 
at a depth of 227 yards below the surface, the latter is 
3 feet thick, and is reached at a depth of 234 yards. The 
ground is worked from two parallel shafts placed about 
40 feet apart, near the northern boundary, and on the 
lowest part of the basin. A principal road or level, 
divided by pillars of solid coal on either side from the 
goaves or waste ground which has been wrought out, 
extends to tlie northern extremity of the ground, from 
which numerous roads diverge at intervals on either side. 

A road, partly protected by pillars of a smaller size is 
carried for a short distance along the northern edge of the 
ground. The coal is got along working faces parallel to 
the main roadway, and at varying distances from it, the 
faces being joined together by other faces at right angles 
to them, and parallel to the subsidiary roads through the 
goaves or wastes, giving a step-shaped outline to the 
edge of the whole coal when seen in plan. The coal 
nearest the shafts has been taken away on one side up to 
the eastern boundary faulty on the other side a pillar of 
an irregular form has been left to support the dam of the 
canal reservoir. A constant circulation of fresh air is 
maintained through the workings by the exhausting action 
of a furnace plaSed near the bottom ^f the northern pit, 
which draws air from the surface down the southern or 
downcast pit. The air so drawn is carried in a principal 
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current passing along the main roadway to the southern, 
whersi it is split into two branches, going light and left, 
after several subsidiary currents have been taken off at 
intermediate points. The first of these branch currents 
diverges opposite to the stables, passing through the goaf, 
•till it reaches the pillar under the dam head, where it 
divides into three branches, which pass by nearly parallel 
roads to the most distant western faces, returning, as shown 
by the red arrows, partly by the road along the north- 
western boundaiy, and partly along the line joining the 
westernmost working face, with that next in advance, with 
a return through a diagonal road, also carried through 
the dam head pillar, with a crossing about mid-way, by 
which the intake air is passed above it. The remaining 
works on the western side receive air from three subsidiary 
currents, as well as from the final split at the end of the 
main road ; the whole of the return air is passed through 
the diagonal road last mentioned. The eastern workings are 
ventilated by two parallel currents, and the main split at 
the extreme end. The latter passes round the extreme edge 
of the whole coal, the foi’mer are carried by parallel roads 
through the goaf, and uniting at the edge of the working 
face they are returned by a jsigzag road through the goaf, 
passing for a short distance of the latter part of its coimse 
parallel to the main roadway. A part of the ground worked 
out near the eastern boundary fault is left without direct 
air circulation. The furnace is placed on the north side of 
the upcast pit, communicating with it by a short steep flue or 
drift; it is fed with air from tTie downcast. The return air 
from the western side is carried out through a longer drift 
of less inclination ; that from the east side is brought in by 
a corresponding drift on the other side. The mode adopted 
for taking away the coal is shown in the left-hand part of 
model No. 2 ; it is to a scale of three-eighths of an inch to a 
foot. The ssam is 40 inches in thickness, between a 
floor of fire-clay, and a roof or cover of black shale. The 
whole of this thickness, however, is not taken away. An 
upper part of 6 inches, called the roof coal, not being worth 
working, is left behind. A triangular groove, having a 
base of 30 and a height of 9 •inches, is cut into the lower 
part of the seam along the working face, the overhanging 
part being supported during the cutting, by timber props, 
placed diagonally, which are removed when the cut has 
been carried along the face to be brought down ; the coal 
falls, either by its own weight or by wedging or blast- 
ing in the higher pari The roof of the excavation is 
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kept up by pack walls, made of the waste material, m iront 
*of which aHlouble row of timber props is placed temporarily * 
along the working face. The rows are about 2 feet apart ;♦ 
the props in each row being about 5 feet from one another, 
and placed in alternating series with those of the other row. 
The coal is carried in waggons, running on a way of 2^^ 
inches gauge, laid with light bridge rails ; horse-power 
being employed for the traction underground. 

The surface arrangements are shown in the second part 
of model No. 2, on the scale of half an inch to the foot, or 
- 5 ^ of the l eal size. The pits are placed 80 feet apart, near 
the centre of a platform about 90 fe*et square, raised from 
5 to 8 feet above the surface of the ground, formed of the 
spoil from the sinking, protected by retaining walls at the 
edges. The platform is laid with several parallel lines of 
rails with turn tables and reversing plates for conducting 
the wagons brought from underground, to the places for 
filling the large trucks on the surface. The line with 
sidings running parallel to the long edge of the model is 
the branch from the Erewash Valley section of the Midland 
Railway ; the other one which crosses it at right angles, is a 
short railAvay for carrying coals to the shipping place at the 
head of the canal (see model No. 1). The pits are of circular 
section, ] 0 feet in diameter, and lined with brickwork, with 
a single pair of parallel wooden guides in each. The cage 
is a rectangular platform or grating of parallel iron bars, 
capable of carrying one of the small underground wagons, 
with two vertical side bars, which are strengthened by 
diagonal struts, and united together by a cross bar at the 
top, to which is attached a short V chain banging from 
the end of the flat hempen drawing rope. The side bars 
carry channelled iron guides which run on the conductor 
rods. The motive power is supplied by a high pressure 
non* condensing lever engine of a similar pattern to that in 
the Newcastle model. The steam cylinder is sunk below 
the level of the engine-house floor, in order to lower the 
height of the walls and framings for carrying the winding 
machinery ; it has two eccentrics and a link motion for 
working the slide valve when drawing coals, as well as a 
hand lever which is employed when raising or lowering 
men. The rope drums or cages are fixed to the same shaft 
as the crank and fly wheel ; their diameter when empty is 
about 10 feet, increasing by the double thickness of the i*Qpe 
at each lap to about 15 feet when filled ; each is provided 
with six pairs of projecting arms called drum horns, for 
holding the rope when wound up. A balance chain winds 



on a drum of smaller diameter between those of the draw-ing 
ropes^, this is a flat link chain with a heavjP weight at*- 
* tachedto it, laying in a pit at the back of the engine-house ; 
it serves the double purpose of easing the load on the engine 
when the full cage is starting from the bottom of the pit, 
•and checking its velocity when the weight of the empty 
cage and rope paid out is in excess of that required for 
counterbalancing the load during the last part of its ascent. 
The guide pulleys over the mouth of the pits are of cast 
iron, 8 feet in diameter, and supported upon simple timber 
frames 24 feet high, which are connected by diagonal 
bracings extending oack to the walls of the engine-house. 
The mouth of each pit is surrounded by a protecting fence, 
or guard wicket, supported on the part of the guides that 
projects above the surface ; it is lifted by the top of the 
cage to allow of the truck being run out, and falls back 
again when the empty cage descends. The boiler-house is 
placed in the lowest part of the ground, and the front wall 
is united by two short side walls with the face of the retain- 
ing wall of the spoil bank of the pit ; the space enclosed 
between them forms a capacious hutch for coals, which are 
tipped over from the edge of the bank above. There are 
six arches in the front wall, each being opposite to one of 
the furnaces. There are six boilers arranged parallel to 
each other on the same bed ; they are cylindrical, with 
hemispherical ends, and fired from the outside ; each is 
provided with a single loaded safety valve, a float gauge, 
and a blow-off cock. The steajn is collected in a steam pipe 
running transversely, and connected by a stop valve with 
each boiler ; a parallel pipe with similar valves brings in 
the feed water. The return air and smoke from the fur- 
nace passing through the upcast shaft, is taken off by a 
short drift below the surface into a parallel pit, and dis- 
charged into the atmosphere through a chimney about 80 
feet high. A weigh-bridge is placed midway between 
the two pits, and all the coal is passed over it immediately 
it comes to the surface. 

No. G. 3.~Model of the different methods of .Work- 
ing AND Ventilating CoIl Mines, constructed and 
PRESENTED BY Mr. 0. L. WOOD, HeTTON CoLLIERY, 
Durham. 

This model represents a plain surface of coal without 
faults, which is in process of removal on four different sys- 
tems, which are distinguished by the open letters. A, B, C, D. 
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A is the old method adopted in the Newcastle district, in 
which the whole of the ground to be taken away is divided 
into two series of parallel galleries intersecting at right 
angles, and divided from each other by rectangular pillars 
of solid coal. This is the so-called board and pillar system, 
the boards or galleries having been carried up to the boun-f 
daries of the ground, the pillars are then taken away in 
I'everse order, that is, from the extremities back towards 
the shaft. The pillars are left of comparatively small size 
as compared with those in the next division B ; this often 
gives rise to a creep, or thrusting up of the floor, from the 
sinking of the pillars under the pressure of the overlying 
rocks. B is an improved method of working, practised in 
the mines in the vicinity of Newcastle-on-Tyne, in which 
a portion of the pillars are taken away at the same time 
that the whole coal is cut in the advanced workings, a 
sufficient distance being kept between the two districts, in 
order that they may be kept isolated, the air in the whole 
coal workings allowing candles to be used, wliile safety 
lamps are necessary in taking away the pillars. The pro- 
portion of coal taken away in driving the boards is less 
than in the former system, as larger pillars are left, which 
on account of their solidity, are less liable to be injured 
by creeps. 

C is the long wall method of working, in which the coal 
is taken away in one breadth without leaving any solid 
pillars. The roadways upon which the coals are conveyed 
to the shaft are carried through the waste or goaf, the sides 
being kept up by walls made of the fallen stone left behind 
in the workings. 

D is a modification of the long wall method, in which, 
instead of taking away the coal along the whole face, trans- 
verse lines of pillars are left at intervals, through which the 
roadways are carried, thus giving a solid support instead 
of the stone walls used in the former case. It will be 
seen that in both C and D the working faces are not con- 
tinued in one line, but are divided by short intermediate 
ffices at right angles, the face nearest to the shaft being 
kept a little in advance of the one next in succession, and 
so on with the others. n- 

The area is supposed to be worked from two adjacent 
shafts placed near the centre ; one of these serves as the 
downcast, for bringing in fresh air from the surface, the 
other is the upcast, and is provided with two fiimaces for 
drawing the vitiated air out of the workings ; the currents 
follow the direction of the feathered arrows, and are kept to 
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their courses by stoppings inserted in the mouAhs of those 
lateral galleries, through which they are not intended to 
pass. These stoppings are solid barriers (shown by slips of 
mahogany), in parts of the workings not used as a means of 
^communication, and moveable double doors (marked D D) 
fitting air-tight in the levels, and forming a kind of air 
sluice in such roadways as are used for conveying the coal 
to the shaft. The points where currents of air passing in 
opposite directions cross each other, are shown by the arched 
cards C C. The wire pins in the front of the workings, are 
the timber props employed during the cutting of the coal. 


No.G. 4. — Model of a Newcastle Coal Mine, illustrat- 
ing Mr. Buddle’s System of Double or Compound 
Ventilation for Fiery Collieries, by W. Olliver, 
Wallsend. 

Scale, 6G feet to 1 inch. 

792. 

This is an example of the older class of pillar working 
in which the pillars are taken away after the whole coal has 
been worked up to the boundary of the ground, as in the 
section A of No. G. 3. The seam is an inclined one, dislo- 
cated by a downthrow fault near the centre, the inclination 
being the same on both sides. The shafts are sunk at the 
lowest point, and the workings ai e carried on towards the 
rise ; tlie pillars are set out at regular intervals, the 
whole area being divided up into districts by parallel ribs 
of whole coal. The workings on either side of the fault 
are independent of each other, but are put in commu- 
nication by a single pair of drifts in each district, which 
are driven through the dislocating plane. The stoppings in 
the galleries are so arranged that the return air from each 
district is kept isolated Irom the adjacent currents ; the 
ventilating furnace is placed a short distance from the up- 
cast shaft towards the rise, in a short gallery in the centre 
of a rectangular block of coal, bounded by two parallel 
inclined drifts and two transirerse horizontal ones. There 
are six doors marked a, b, c, d, e, /, in these four galleries, 
so arranged that the return currents may be sent over the 
furnace, or into the upcast shaft by the parallel, inclined or 
dumb furnace drifts, without passing over the fire, by closing 
or opening them in different combinations. The currents 
from the districts D and G, under ordinary circumstances, 
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pass over the furnace along the upper transverse^ level, 
those from E and F being fiery, are passed by the dumb . 
furnace or inclined drifts to the bottom of the upcast shaft, 
so as to be kept from direct contact with the fire. If the 
air in D becomes fiery it is thrown on to the dumb furnace^ 
by opening the doors a and 6, the effect of which is to shut 
the passages marked H and I on the left of the upcast, and 
the air from E is now sent over the furnace. If it is 
desired to pass both D and E by the dumb drift, the doors 
a and h are laid flat back against the wall and e is shut, 
which gives an uninterrupted communication between the 
left-hand incline and the lower transverse level, whilst the 
top transveme level, through which alone the furnace is 
supplied, is closed by the door at e. In like manner the 
air from the right-hand districts G and E is managed by 
opening or shutting the doors c, d, and / The direction of 
the currents is shown by the arrows ; the crossings and 
stoppings in a similar manner to those in No. G. 3. 

TYROLESE METHOD OF WORKING SALT MINES. 

No. G. 5. — Model of the Salt Mine at Hallstatt, 
IN THE Duchy of Salzbueg. 

No. G. G. — Model of the Salt Mine at Hall, in Tyrol. 

No. G. 7.— Model of the Salt Mine at Hallein, in 

Salzburg. 

By Bergmeister Ramsauer. 

The whole of the above models are to a uniform scale of 
ttW> 400 feet to 1 inch; the surface of the ground is re- 
presented on an approximately true scale, and central trans- 
verse and longitudinal sections are drawn on the sides of 
each model. On removing the tops of the models, the work- 
ings on the different levels are seen, laid down on plates of 
glass, fixed at the proper height, one above another.* 

In all three instances, the workings are carried on in pecu- 
liar and irregular deposits, iptercalated in rocks, supposed to 
be of Upper Triassic age, the so-called St. Cassian and Hall- 
statt beds. Tae saliferous rock is not pure, but consists of an 
lutimate mixture of a blackish blue clay, with more or lesis of 
salt, interspersed with occasional masses of rock salt, and 


* Keller. Ann. des Mines, 6 Ser., toI. ii. 
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veins jind thick bands of anhydrite and gypsum.# The other 
minerals occurring in smaller quantities are sulphate of soda, 
magnesite, muriacite, and polyhalite. The enclosing rock 
is a dolomitic limestone, fragments of which, as well as of 
coarse quartzose sandstone are occasionally found in the 
salt marl. The latter is surrounded by a complete case of 
argillaceous shale, nearly free from salt but rich in gyp- 
sum and anhydrite. The working of these mines, especially 
that of Hallstatt, has been carried on from a very early 
age, the present system having been introduced in the 
year 1311. A serieS of main galleries or levels, with an 
inclination of about 1 in 40, are driven from the hill side at 
regular vertical distances of about 20 fathoms, from which 
small branch levels are driven obliquely into the chambers 
or workings proper. These are large ponds, which are pro- 
duced by putting a cross dam in the mouth of the branch 
level, and laying out an elliptical base of about 200 feet in 
greatest length and 65 feet in breadth, by driving a great 
number of smaller galleries intersecting at right angles. The 
whole of these reticulating passages are then filled up with 
fresh water, brought in through an inclined shaft or sink- 
werk from the level above. The first effect produced by 
the water, is the erosion of the lateral surfaces, whereby 
the pillars between the sma3l galleries are removed, and the 
whole elliptical base is laid bare ; by tilling up the chamber 
to the top, and maintaining a constant pressure of a few 
inches, the solvent power of the water is mainly exerted 
against the roof, whicli disinte^ates rapidly, the salt passes 
into solution, while the clay falls down to the floor, pro- 
tecting it against further erosion ; the saturated brine, from 
its great density, also subsides, giving a furiher protection 
of the same character ; the floor of the chamber will therefore 
rise simultaneously with the roof, but at the same time there 
will be a certain amount of lateral action, by which the 
diameter of the basin increases upwards, the transverse 
section of the chamber, when in full work, being nearly a 
trapezium with the shortest horizontal side for a base, the 
sides inclining at an angle of 45° to the vertical representing 
the walls. The fresh water is got from springs that rise at 
the contact of the clay with the limestone. The process of 
working is either continuous or intermittent, in the latter or 
older method, the salt water is allowed to remain^ in the 
chamber till it contains about 27 per cent, of saline matters 
in solution, of which amount 25 per cent, is chloride of 
sodium, when it is run oS to the boiling houses, which are 
situated at a considerable distance from the mine. At Hall- 
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statt one operation is completed in 15 days, during, which 
time the roof of the chamber is raised about 16 inches; 
after the water is run off the chamber is left empty for a 
period which should not exceed six or eight months. Tiie 
mud deposited on the floor is dug out and thrown dowp 
through a winze to the next level below, whence it is lifted 
by a hydraulic balance, to be used in filling up the exhausted 
workings in the higher levels. The dams in front of the 
chambers are formed by driving a short cross level, which is 
then filled with clay rammed in to a very compact condition. 
A channel is kept through the centre'^of the dam for draw- 
ing off the brine, whose inner orifice is raised together with 
the dam at each successive washing. The continuous pro- 
cess of working is of later date, and is chiefly employed at 
Aussee, where tlie clay contains an average of from 80 to 90 
per cent of salt, without interspersed poorer parts, the foreign 
matters being confined to occasional masses of gypsum. The 
chambers are originally of a circular plan, the fresh water 
is introduced from the centre of the roof, and the discharge 
takes place through the middle of the floor. As soon as the 
first filling is saturated, it is run slowly off*, and is replaced 
by fresh water, the operation being regulated in such a 
manner that the roof is continuously moistened with salt 
water, nearly but not completely saturated. The advantage 
of this modification is shown by the diminished inclination 
of the walls, the chamber being nearly cylindrical, a form 
that gives rise to supporting pillars of smaller volume, and 
consequently allows a larget portion of the deposit to be re- 
moved. The process is however much slower, the erosion of 
the roof proceeding at the rate of only 1-^ inches per week, or 
about one-sixth of the amount produced in the same time by 
the discontinuous process. Masses of rock salt, free from 
clay, are occasionally met with, and are removed by a species 
of pillar working, so as to obtain the salt in blocks. In 
driving the levels, blasting with gunpowder is employed in 
penetrating the harder rocks, that is, in limestone, hard 
marls, rock salt, and anhydrite. The latter substance is 
extremely tenacious, so that bore holes cannot be sunk in 
it to a greater depth than^lO inches. In the softer argil- 
laceous beds picks of three and four pounds weight are 
alone employed. In preparing the chambers, in sinking 
winzes in the salt marl, and holing in the rock salt, the 
accessory levels are driven by allowing a stream of water 
issuing under pressure, from simple jets or perforated 
spreading roses, to act on the rock on the forward 
end. In all cases the most powerful jet is the horizcmtal 





one the level of the floor, which undercuts ihe ground 
in a manner exactly similar to that in which coal is holed 
with the pick. Small shafts or winzes of communication 
between the different levels are also driven in a similar 
jnanner, either from above downwards or from below ap- 
wards. Any insoluble masses of gypsum or anhydrite that 
may remain sticking out from tlie walls are afterwards 
dressed off by hand with the pick. This curious method of 
driving was introduced in 1841 by Bergmeister Bamsauer, 
the author of the models. Ihe principal galleries are kept 
open by walls of dresSed limestone masonry set in cement, 
in other cases simple door frame timbering is employed. 
The roofs of the chambers stand extremely well if they are 
not allowed to become too dry, the salt appearing to impart 
a considerable degree of tenacity to the argillaceous rock 
in which it is contained. The conveyance of fresh water 
to, and of brine from the working is effected in wooden 
pipes, made of pine trunks in about 10 feet lengths, 
fitted together with socket joints. The greatest distance 
through which the brine is conveyed to the boiling house 
is about 10 miles. The loss of salt by leakage during the 
passage is estimated at about 12 per cent. 

The colors of the workings on the glass plates, correspond 
with those of the named levels on the longitudinal sections. 
The outer line, drawn in discontinuous bars, shows the 
extent of the saliferous mass at each level. The chambers 
that are worked out are those coveied with small colored 
circles, those in course of working are bordered with white 
dots, whilst those which are being laid out are shown as 
coloured elliptical rings, covered with cross bars intersecting 
at right angles, which represent the small galleries by winch 
the process is commenced. The passages shown in plan with 
cross bars like ladders, are the sinkwerke or inclined winzes 
through which the fresh water is introduced. The dams in 
the mouths of the chambers are shown by single transverse 
lines. The different levels are distinguished by particular 
names, those at Hallstatt are called after the Emperors and 
Empresses of Austria. The lowest named level in the 
model is that of the Empress Maria Theresa, another one is, 
however, shown below it without a name ; this is called 
the Francis Joseph level, the drivage of which was com- 
menced in 1856, but no working chambers had been opened 
out in it when the model was made. 

The annual production of the mine of Hallstatt is nearly 
88,000 tons from brine, and only about 500 tons are raised 
in the form of rock salt. 

10484. H 
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PUMPING ENGINES, 

No. H. 1.— Models of Water-wheels at Devon Great 
Consolidated Copper Mines, near Tavistock • 

Scale, tV* 1 inch to 1 foot. 

These wheels, which are driven by the water of the River 
Tamar, work the pumping machinery in three shafts placed 
at a considerable distance from the river by lines of rods 
carried on guide rollers over the side of the hill. The con- 
struction is somewhat modified from"' that of the wheel at 
Wheal Friendship. Each wheel has 112 buckets formed of 
two deal boards whose ends rest in sockets formed on the 
cast-iron rings or shroudings. The inner platforms or back- 
ing of the buckets are also formed of deal boards. The 
axles are made of oak, tired in the centre with a cast-iron 
ring, and terminated at either side by cast-iron cylinders 
carrying the bosses or radial sockets for the arms. The 
outer sides of these castings are flanged, and to the flanges 
covering plates carrying the journals are secured by screw 
bolts. The ring of the wheel is supported by arms arranged 
in four series ; those forming the two outer series are 
socketed at their outer ends into seatings on the shroud- 
ings, and at their opposite extremities rest in sockets on 
the axles. The arms of the other two series incline inwards 
from the seatings on the axle and unite midway below the 
centre of the backing, where they are bolted to a cast-iron 
ring, so as to form a support for the ring of the wheel 
equidistant from both shroudings. The power is trans- 
mitted from a crank at either end of the axle by a wooden 
connecting rod. These connecting rods are kept at theii* 
proper distance apart by a cast-iron transverse beam. The 
forked ends of a line of round wrought-iron rods, 3:^ inches 
in diameter, carried upon guide rollers. The water is laid 
on to the wheels at a point about 20° below the summit. 

Principal dimensions : — Height of wheels, 40 feet ; breadth 
of face, 1 2 feet ; breadtla of feed launder, 10 feet ; diameter 
of oak axle, 5 feet ; diameter of journals 1 5 inches ; length 
of crank arm, 3 feet G inchbs and 4 feet (each crank has two 
sockets for varying the length of the stroke). The actual 
lengths of the lines of rods are 3G0 fathoms for one wheel 
and 396 fathoms for the other. Tlie usual working speed 
is four revolutions per minute, or a velocity of rather less 
than 8^ feet per second at the circumference. The weight of 
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the czyiiks and conneotisg rods are balanced bjr a pftir ot 
balance bobs placed behmd each wheel. Those paiis of tiie 
model that are made of brass represent cast iron in the 
original ; those in copper representing wrought iron. 

t 

No, H. 2 , — Vebtical Watee-wheel at Wheal Feiekd- 
SHIP, Devonshiee. 

Scale, Vt« i inch to 1 foot. 

This wheel is employed for pumping ; it drives two lines 
of rods, one from each side of the axle. The diameter of 
the ring is 50 feet, with a breadth of face of 10 feet. The 
axle is a hollow cast-iron cylinder with flanged ends, to 
which are attached the covering plates carrying the journals, 
which rest in cast-iron bearings supported upon wooden 
frames and secured by wrought-iron stay rods. The ring 
is provided with 180 wrought-iron buckets, which are sup- 
ported by a wooden shrouding at either side and a third in 
the centre. Each of the three shroudings is supported by 
1 8 tapered radial wooden arms resting in sockets on the 
seating rings or rosettes attached to the main axle. The 
power is transmitted by two cranks, making an angle of 
180° with each other ; each drives a pump rod by a line of 
wrought-iron rods carried over guide rollers. The weignt 
of the rods is compensated by a. pair of balance bobs 
working in pits placed behind the wheel. 

No. H. 3. — Horizontal Water-wheel or Turbine on 
Fourneyron's System. 

Scale, 1 inch to 1 foot. 

The wheel is divided by curved blades into passages of a 
rectangular section, through which the water is discharged 
from the centre outwards ; the pressure of the water against 
the inner side of the curved buckets causes the wheel to 
rotate in the opposite direction to that taken by the stream. 
The direction of the entering water is given by a number of 
curved blades in form similar to the buckets, attached to a 
disc placed between the inner circumference of the wheel and 
its shaft. The admission of the water takes place through 
all the buckets at oi^ce. The regulator is a ring sluice 
which forms a sliding gate in the mouths of the guide 
passages ; it is raised or lowered by three vertical rods, 
each working in screwed sockets at the ends of three pro- 
jecting arms. Each of the three rods carries a large spur 
wheel at its upper end gearing, into a central wheel of 
equal diameter, which receives motion from a regulating 

h 2 
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pinion. 1?i6 wheel revolves in a shallow chamber cast 
iron, pierced with holes at the bottom for discharging the 
waste water. The chamber containing the guide curves is 
carried on four vertical cast-iron columns ; it is of cylin- 
drical form; the driving water is admitted through the 
large tube at the side ; the main shaft of the wheel passes 
through a stuffing box at the top cover ; the ring sluice 
passes through a similar joint in the lower cover. The 
construction of the wheel and its guide curves is shown on 
a large scale in the wooden model; the model does not 
show the self-acting greasing apparaSius which is generally 
employed for the lower bearing of wheels of this kind. 
The date of the introduction of these wheels was about the 
year 1827 ; they have since been considerably modified 
and improved in France, England, Germany, and the United 
States. 

The construction of this wheel is almost exactly similar 
to that at St. Blazien, in Baden, which is 26 inches in 
diameter, and works under a head of 354 feet of water, at 
the enormous speed of 2,300 revolutions per minute. 

No. H. 4. — Water Pressure Pumping Engine at the 
Alport Mines, Derbyshire. 

Scale, -rV. 1 inch to 1 foot. 

This engine was erected by Mr. Darlington in the year 
1842, and worked till 1852, when on the opening of the 
mine it was removed and re-erected at Talargoch mine. It 
is remarkable for simplicity of construction as well as for 
its unusual dimensions. The piston rod passes througli the 
bottom of the cylinder, and is attached directly to the pump 
plunger by a wooden rod in the shaft ; the distribution 
gear consists of a pair of cylindrical valves, with feather- 
edged beating faces, the inner one, that nearest the gallery, 
serving for the admission and the outer one for the dis- 
charge of the driving water ; a pair -of sluice valves or 
slides are placed, one in front of the admission valve, 
and the other behind the discharge valve, for regulating 
the speed of the engine by checking the velocity of 
the water. The pair of small pistons placed between the 
main valve boxes and the cylinder are auxiliary valves for 
continuing the admission and exhaust through reduced 
apertures after the main valves are closed^ in order to 
prevent the shock caused by the sudden closing of the large 
valves. These relief valves are worked by enlarged gearing 
placed below the valve * nozzles. The pump plunger is 
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loade(| at the topi the weight of the rod not beili|[ suffideni 
to press the water out of the pump cylinder. 

Dimensions. 

^ Diameter of cylinder, 50" ; diameter of pump plunger, 42" ; 
stroke of piston and pump, 120" = 13 feet. 

Height of driving column, 132 feet ; height of pump lift, 
140 feet. 

Pressm’e on the piston, 112,500 lbs., or about 60 lbs. per 
square inch. 

Average working ^peed, 4 strokes per minute ; with a 
maximum speed, 7 strokes per minute. 

Effective horse-power, 1 68 tl. P. 

The volume of driving water per stroke, 852 gallons ; 
discharged by the pump per stroke, 600 gallons. 

The pump valves are tubular beat valves, similar to 
those used in town water works engines. 

No. H. 5. — Taylor’s Engine at the United Mines. 

Scale, Tir* 1 inch to 1 foot. 

This model represents the surface arrangements of a pump- 
ing engine of the largest class employed for draining deep 
mines in Cornwall. The engine called Taylor^s engine, was 
erected in the year 1840 at the United mines in Gwennap, 
now included in the CliflFord Amalgamated Mines, and 
is worked with high pressure ^team, with expansion and 
condensation. It is single acting, that is, the steam is 
only employed for lifting *the pump rods and filling the 
pump barrels in the shaft ; the return stroke, which drives 
the water out of the pump barrels into the rising pipes, 
being effected by the fall of the shaft rod, as soon as an 
equilibrium is established in the cylinder, by opening a com- 
munication between the two faces of the piston. The steam 
piston moves vertically in a cylinder foimed of two concentric 
tubes, the inner one forming the cylinder, and the outer 
one a protecting case or jacket ; the small annular space be- 
tween the two is constantly jUled with steam at the maximum 
pressure produced in the boilers,^n order to keep the walls 
of the inner cylinder at a uniform temperature. In practice, 
it is customary to surround the cylinder with other non- 
conducting envelopes ; thus, a shell of brickwork enclosing 
an air space is 6rst placed round the jacket, which is further 
enclosed with coatings of felt, lagged with wood; these 
outer envelopes are not shown in the model The piston-rod 
is attached by Watt's parallel motion to the end of a beam 
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oftcillatiBg ^boQt a homoutal axis, whose bearings are carried 
on the outer wall of tl^e engine house. The beam is formed 
of two parallel cast-iron plates of [ section, bolted together, 
the two plates being kept a fixed distance apart by wrought- 
iron pins. The two arms of the beam are of unequal length, 
the steam piston and mechanism for working the valves are 
attached to the longer arm, which works within tlie engine- 
house, the main pump rod and rods of the air and feed 
pumps are attached to the shorter arm, which works in the 
open air, a gallery projecting from the wall of the engine- 
house gives acess to the bearings on i^ie out-door side of the 
beam. 

The engine has four valves for the distribution of the steam, 
three of these are placed near the top of the cylinder and 
the other one is at the bottom. One of them is a plain 
disc valve, with a single conical beating face, and is inde- 
pendent of the engine ; the other three are of the kind 
known as the double beat or Hornblower’s valve, a con- 
struction in whicli the bearing faces opposed to the pres- 
sure of the steam are reduced to a pair of narrow conical 
rings, the valve and its seat being so formed as to present 
a very lai'ge steam passage when open. Of the three upper 
valves, that on the right hand side (as seen when facing 
the cylinder from the outside), is the governor or regu- 
lator valve, it is a plain disc valve, which is maintained at 
a fixed opening by means of the setting screws on the rod 
attached to the right hand pillar of the valve gear framing. 
By this valve the steam is admitted from the main steam 
pipe through the large hollow column on the right into the 
top steam chest. The central valve is the admission valve, 
it commands the passage whereby the steam at full pressure 
enters and leaves the cylinder above the piston, and is 
governed by a system of levers attached to the uppermost 
of the three horizontal shafts, which are attached to the two 
vertical pillars or standards in front of the valve cases. The 
left hand upper valve is the equilibrium valve ; it is placed 
at the top of a hollow column, through which the steam 
passes from the upper to the lower fece of the piston, in 
order to establish an equality of pressure at the end of the 
steam stroke ; the movement of this valve is effected by the 
central arbor. The bottom or exhaust valve, which con- 
trols the passage of the exhaust steam from the cylinder to 
the condenser, is attached to the lower horiisontal arbor. 

The valves are opened by falling weights, and closed by 
the action of tappets on the ping rod, acting on curved 
handles projecting from the front of the horizontal shafts. 



The |e6tor-eh&ped earns and catch levers onisi^ the beats 
ings of the horizcmtal arbors keep the valves lo<&ed in 
position during the repose of the engine. 

The engine is intermittent in ito action, a pause being 
;made after the descent of the main rod in the shaft, varying 
in duration according to the amount of water to be lifted ; 
this is eflRecfced by a simple hydraulic regulator, known as 
the cataract. 

The cataract, which is placed in the well below the floor 
of the engine-house, is a square wooden plunger box, open 
above and closed at® the bottom, with the exception of a 
small conical hole which can be stopped by a plug attached 
to a vertical rod ; the plunger moves in a square cistem of 
water a little larger than itself, and is attached to a ver- 
tical rod passing through a collar projecting from the right- 
hand frame pillar ; it is further attached by a chain rolling 
on a sector head, to a double-armQd lever which oscillates 
about a horizontal axis ; the shorter arm of this lever is 
pressed down by a roller at the lower end of the plug rod, 
during the upstroke of the engine, a balance weight being 
fixed to the end of the opposite arm, which raises the shorter 
arm when the pressure of the rod is taken off. 

The action of the cataract is as follows : — ^When the indoor 
side of the beam makes its down stroke, during the lifting 
of the main rod in the shaft, the cataract plunger is driven 
down in its cistern, displacing the water in bottom of the 
latter, which consequently rises above the open top of the 
plunger box and fills it up ; Ibhis water afterwards flows 
out through the small hole in the bottom of the box with 
more or less rapidity according to the position of the conical 
plug, and during this time the valves are closed, and locked 
by their catches, the steam piston is at the top of its stroke 
with a slightly compressed cushion of steam above it, and 
the expanded steam of the preceding stroke below it. As 
soon as sufficient water has flowed out of the cataract 
plunger to establish the preponderance of the balance weight 
on the longer horizontal arm of the lever, tlie box rises, 
and the rod attached to it opens the exhaust valve, by 
striking gainst the catch leve» and releasing the balance 
weight. The steam below the piston flows away to the 
condenser, and a vacuum is formed in the cylinder. The 
catch on the steam valve is formed by the vertical arm of 
an angle lever, whose horizontal arm is parallel to the 
exhaust valve catch, tod is connected to it by a parallel 
bar with a slotted link at the top, which works on a at 
the end of the horizontal arm of the upper catch. When 
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the botton:^ of the link strikes the pin, the steam valve is < 
opmied in a similar manner to that already describe fpr 
the exhaust valve. The piston descends under the full* 
pressure of the steam in the cylinder until the link frame 
at the back of the plug rod closes the valve, by pressing 
against the handle which projects from the top arbor ; the 
sector on the arbor in turning gradually lifting the catch 
lever, which falls into its place as soon as the end of the 
cam has passed the notch. The steam is now cut off, and 
the remainder of the stroke is effected by the expansion of 
the steam afready in the cylinder. ISie length of the full 
steam stroke is determined by the position of the linbframe 
on the plug rod, the proportion of expansion is diminished 
or increased by raising or lowering the link by the setting 
screw on the front of the rod. 

The exhaust valve is closed by the plug on the right- 
hand side of the rod shortly after the closing of the steam 
valve ; the equilibrium valve is opened at the end of the 
stroke by its balance weight ; this establishes a communi- 
cation between the upper and lower faces of the piston, 
equalizing the pressure on both sides, when the piston is 
drawn up in the cylinder by the excess weight on the outer 
side of the beam. The equilibrium valve is closed by the 
left-hand plug during the rise of the rod ; this confines a 
small quantity of steam above the jnston, which forms a 
cushion by compression, and brings the moving mass to a 
state of rest. 

The condenser and air pump are connected with the out- 
door side of the beam. The latter is surmounted by an 
open hot well of large capacity. The feed pump draws its 
supply, directly from the hot w^ell, and forces the water 
through a double U tube, passing four times through tho 
exhaust pipe, where it is heated by the waste steam on its 
passage from the cylinder to the condenser. The feed Water 
is further heated by circulation through a system of hori- 
zontal pipes in a flue at the back of the boilei*s. The steam 
from the six boilere is collected in a cylindrical steam chest, 
with hemispherical ends, cast in two pieces, which are united 
by a wrought-iron expansion joint. The main steam pipe 
passes from the chest, under the floor of the engine-house, 
and terminates in the right-hand vertical column, at the 
top of which the governor valve is placed. The main rod 
which works the pumps in the shaft, is formed of two 
square balks of timber placed side by side, and united by 
wrought-iron fish plates and bolts. The excess weight of 
the rod, above that necessary to drive the water out of the 



113 


pump barrels, is balanced off by five balance b^bs^ of whieii, 
three are placed under ground, and two are at the surface. 
The latter are cast-iron beams, constructed in a similar 
manner to the beam of the engine, one end being connected 
by a wooden rod with the main rod on the shaft, the 
other carries a wooden box, which is loaded with masses 
of rock, acting as a counterbalance. 

Catch pieces or stops are fixed to either side of the beam, 
to prevent it going beyond its proper distance in case of 
breakage on either side. The in-door catch is formed by an 
iron cross piece fixed above the beam, which is received on 
a pair of spring beams, carried on horizontal balks crossing 
the upper part of the engine house. The out-door catch is 
formed by two pieces of timber strapped on to the front of 
the main rod ; the lower end of these beams, which are 
of the same size as the main rod, are caught by a mass of 
timber formed of horizontal balks piled one above another 
in the shaft. This bed of timber is not shown in the model. 

The large capstan and shear frame over the shaft lead the 
rope by which the pump barrels, &c. are lowered in the 
shaft, it is worked by manual power. 

The following are the dimensions of the more important 
parts of the engine : — 


Diameter of steam cylinder 

- 

- 85 inches 

Length of stroke of piston 

- 

- 132 

»» 

Diameter of regulator valve ^ - 

- 

- 10*8 


„ admission valve 

- 

- 15*0 

ft 

„ equilibrium valve - 

- 

- 18*5 

«» 

„ exhaust valve 

- 

- 25*0 

»» 

„ main steam pipe 

- 

- 18*0 

ft 

„ exhaust pipe 

- 

- 24*0 

ft 

„ condenser - 

- 

- 30*0 

ft 

„ air pump piston 

- 

- 37*0 

ft 

„ „ valve 

- 

- 30*0 

ft 

„ hot well 

- 

- 55*5 

ft 

„ feed pump - 

- 

- 6*0 

ft 

Length of main beam - 

- 

34 feet 

»» 

Height of „ at centre - 

- 

7 „ iJ 

>1 

Length of beam steam side 

- 

17 „ lOj 

>» 

„ out-door side - 

Length from centre of beam to point of 

16 „ 4 


attachment of air pump rod* 

- 

9 „ 


Length of feed pump rod 

Length of stroke of main rod - 

- 

6 „ 8 „ 

10 „ 

r 24 inches broad. - 

Section „ 

- 
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„ deep. 

Diameter of piston rod 

- 

- 

ft 

„ air pomp rod 

- 

- 3^ 

ft 

„ feed pump rod 

- 

- 2i 

ft 

„ axis of main beam 

- 

- 20 

ft 

„ journals 

- 

- 16 




H4 

Boilsbs. 

4 of SO foot length, 5 diameter of outer ahelL 
3 ft. 4 in. „ inner tube. 

2 of 34 ,, 5 ft. 10 in. external diameter. 

Steam cheat - - - - 30 ins. diameter. 

Feed pipe - - - - » 

The engine was started in December 1840 ; its per- 
formance was continuously reported in Lean's Engine 
^ Reporter" uj^ to the end of 1851. The most economical 
condition of working was reported in September 1842. 
The mine was then 201*2 fathoms de§p ; the load on the 
piston amounted to 75*3621bs., or 12'0Mbs. per square inch 
of surface. The engine making five strokes per minute, 
developed a quantity of work equal to 114*2 horse- 
power. The quantity of fuel consumed showed an effect of 
107,494,580 foot lbs. per bushel of coal of 941bs.^ equal to 
l*741bs. per horse-power per hour 

The last return in December 1851 shows a duty of 62 
millions of foot lbs. per bushel, or 2*9 lbs. per horse-power 
per hour. The depth had increased to 239 fathoms ; the 
load per square inch to 15*8 lbs., giving a duty of 165 horse- 
power at a speed of 5*5 strokes per minute. The greatest 
working speed attained appears to have been in December 
1849, when the engine made 7*5 strokes per minute, 
showing 221 horse-power, with a consumption of 2‘41bs. 
per horse-power per hour. The method by which the above 
duties is computed consists in comparing the amount of coal 
burned with the theoretical volume of water discharged by 
the pumps during the period of observation. The actual 
volume is, however, somewhat smaller, the discharge of the 
best mining pumps, being from 2^ to 2^ per cent, less 
than the theoretical amount for each lift.* 

PUMPING MACHINERY. 

No. H. 6. — Abrangement of Pumps in a Mine Shaft. 
No. H. 7. — Jordan’s Pumps, with Wire Rope Rods. 

Nos. H. 8, 9. — Common Mining Pump Bucket and 
Leather'Vor ditto. 

No. H. 10. — Lower Clack of Drawing Lift. 

No. H. 11.— Kennedy’s Patent Metal Packed Pump 

Bucket. 


* Jordan. Eamten’a Archir, vol x., p. *316. 
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No. H. 12 .— Heaton's Patent Qutta-peecha Packed 
^ Pump Bucket. 

No. H. 13. — Different Systems op Valves adopted to 
Mining Pumps. 

The machines most generally used for lifting water out 
of deep mines, are the hollow piston or lifting pump, and 
the solid piston, plunger, or forcing pump. The former is 
sometimes used alone, more especially in collieries, but 
generally the two systems are used in combination, the 
lowest pump of the series in a deep shaft, being a drawing 
lift, whilst those above it have solid pistons. The whole of 
the models in the above list are in the East Room A., on 
the- principal floor. 

No. H. 6. — Model op Pumps used in Cornish Mines. 

Scale of pit work, th. 1 inch to 1 foot. 

This is a somewhat generalized representation of the 
arrangement of the pumps adopted in Cornwall. The 
respective parts are indicated by numbers engraved on them. 
No. 1, the engine house, and the shears. No. 2, at the top, are on 
a smaller scale than the pit work. The main rod, No. 6, is 
attached by a pai’allel motion to the outer end of the main 
beam of the engine No. 3, an arrangement that is not usual, 
the common method of attachment being similar to that 
shown in the large model of Taylor’s engine, in the centre 
of the room. No. 4, the signal lever, has an iron plate at 
the end of the longer arm ; the other end has a wire at- 
tached to it passing down to the bottom of the shaft, and is 
used for signalling the men at the capstan to hoist or lower, 
when the pumps are being placed in position. No. 6 is the 
balance bob for counterbalancing the weight of the main 
rod in excess of the amount necessary for forcing the water 
out of the pump barrels. Nos. 7 to 11 are parts of the upper 
plunger lift ; No. 7 is the rising column, 8, the door piece 
of the top clack or valve, 9. the H piece and lower clack, 
10, the wind bore, 11, the plunger and ban*el. The re- 
maining Nos., 12 to 15, refer ti^the lower or drawing lift, 12 
being the rising column, 13, the working barrel, 14, the 
clack door piece, and 16, the wind bore. Of these parts, 
the wind bore is a tube perforated with a number of 
round holes, which is placed in the feed cistern, in which 
the water from the different levels is collected, and acta as 
a strainer, keeping back the coarser impurities in the water. 
The clack pieces are the parts next above, they contain the 
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valvBS and their seats, and are provided with doors secured 
by screw bolts, so that the valves may be replaced when 
worn out without disarranging the heavier parts of the 
machinery. The working barrels and rising pipes are cast- 
iron tubes, strengthened with mouldings, and flanged at the 
ends ; they are united by screw bolts passing through the 
flanges. In the drawing lift,. the piston or bucket is a 
hollow cylinder attached to a wrought-iron rod or spear 
passing down the centre of the rising pipe, it moves air- 
tight in the barrel by means of a leather packing, and is 
closed by a hinged leather valve or claok opening upwards, 
the fixed clack below moving in the same direction. As 
the bucket is lifted by the rod, its valve is closed by the 
weight of the water standing above it, and a portion of the 
latter, corresponding to the volume of the working barrel is 
carried over the top of the rising pipe into the cistern of 
the lift next above, at the same time a* vacuum is formed 
behind the lower edge of the bucket, and the water in the 
lower cistern, by the pressure of the external air, is passed 
through the lower valve and fills up the empty space. At 
the change of the stroke the bottom clack closes, and the 
bucket is pushed back through dead water, so that when at 
work the pump is always filled with water. It is a neces- 
sary condition that the height of the lower valve above the 
water level in the cistern must be somewhat less than that 
of a column of water of one atmosphere pressui*e, or not more 
than 30 feet. The plunger lift has a wind bore and feed 
cistern similar to those of the lower one. The H piece is 
formed of two short upright tubes, united by a transverse 
horizontal one. One of the vertical limbs containing the 
lower clack and its door piece is placed above the wind bore ; 
the other one supports the working barrel or plunger case. 
The plunger is a wooden pole covered by a brass tube, whose 
outer surface is turned smooth ; it is somewhat smaller than 
the barrel of the pump, but moves air-tight through a 
stuffing box at the top. The- water drawn on the up-stroke 
of the plunger fills up the barrel, and is driven out during 
the down-stroke, passing back through the horizontal part 
of the H piece ; it rises in^the column through the top 
clack ; the working part of the pump being only filled 
during the up-stroke. 

No. H. 7.— Pumps with Continuous Tension Rods. 
By Mr. T. B. Jordan. 

This represents a system of establishing mine pumps, in 
the heavy woo^n rods commonly used are superseded 
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by a jwrire rope carried over two large guide puU^s, placed one 
, at the top, and the other at the bottom of the shaft. There 
are two plunger pumps placed at the bottom of the shaft hav- 
ing a rising pipe placed between them common "to both. The 
, plungers are connected by short projecting arms to the rope, 
one on each side, so that they move uniformly, but in op- 
posite directions, producing a continuous discharge of water 
at all parts of the stroke. The valves are plain discs, 
faced with plates of vulcanized india-rubber, a material 
which gives a very perfect contact between the valve and 
its seat when closed.* The plungers are continued above the 
points of attachment with the rod, into cylindrical guides, 
which are kept vertical by passing through holes in a pair 
of transverse wooden guide bars. The method by which 
the pumps are moved in the model is not such as would be 
really used ; the proper place for applying the power being 
the axis of the top pulley, which should be connected by a 
link rod and angle lever, with the fly wheel shaft of a 
double-acting rotatory steam engine, a water wheel, or any 
other machine producing uniform rotatory motion. In 
great lengths of rope, such as would occur in deep mines, it 
would probably be necessary to insert rigid pieces with 
screw joints at intervals, so as to be able to restore the 
tension to the rope in case of its becoming slack. The plan 
of replacing the upper part of a line of pump rods by a 
strained wire rope has been adopted in the Harz and in 
Sweden. 

No. H. 8. — Bucket of a Common Drawing Pump. 

This is the hollow piston of an ordinary lifting pump ; it 
is made up of a hollow wooden cylinder closed at the top 
by a hinged leather valve faced with wrought iron on either 
side. The rod or sword is attached to two forked ends 
passing through mortices in the wooden body, and secured 
by cross wedges passing through eyes, which bear against 
the under side of the wood. The packing is formed of a 
conical leather collar, tapered in thickness, the top part 
being formed of two thicmessas united together by copper 
tacks clinched on the inner side ; the thinner part fits 
closely on the outer side of the wooden cylinder, and is 
covered by a wrought-ii*on. ring. The forked limbs of tiie 
sword are thickened on their inner sides for a short distance 
above the top of the bucket, the projecting parts hjave 
diagonal edges below, so aa to form stops fot confining ike 
upward movement of the valve within proper limits.. The 
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o(mitmction^of the leather collar is seen in the dotted 
example No. H. 9. 

No. H. 10.— Lower Clack of a Lifting Pump. 

This is a plain leather disc, strengthened by wrought-iron ' 
plates on either side, mounted on a conioal wooden tube ; 
the hinge is formed by a projecting piece of leather fitted 
on to a corresponding projection on the wooden seat, and is 
secured by a wrought-iron strap, the ends of which pass 
through the leather and are made fastoby screw bolts. In 
large pumps it is common to have the clack seat made of 
wrought iron, with a ring handle for the convenience of 
lifting it. 

No. H. 11. — Kennedy and Eastwood's Patent Pump 

Bucket. 

This bucket is entirely constructed of metal ; the fixed 
parts are the top and bottom guards and the valve seat ; 
the former are two rings of cast iron with their external 
faces turned smooth, supported by four arms radiating from 
the central rod ; the latter is a plate of cast iron somewhat 
less in diameter than the barrel, fixed a short distance 
above the bottom guard ; whose upper face is turned 
smooth, and carries four radial arms, forming a bearing sur- 
face and guides for the valve. The packing is a brass ring 
sawn through diagonally, resembling those that are used for 
high-pressure steam engines ; it rests upon the top of the 
valve, which is a similar ring not cut through, and having 
four studs projecting from its upper side, which keeps the 
packing ring in its place. When the valve is open a free 
communication is established for the water through the 
apertures of the lower guard round the outer edge of the 
seating plate into the barrel of the pump through the top 
guard. 

No. H. 12. — Heaton’s Patent Gutta Percha Packed 
Pump Bucket. 

M 

The bucket is formed of a hollow castdron cylinder, 
having the central aperture divided into two parts by a* 
straight cross bar, which is perforated with a slot for hold- 
ing the rod or sword. The outer face of the cylinder has a 
flat groove turned out of its surface for receiving the pack- 
ing, which is an open ring of gutta percha with overlapping 
ti^twed ends, and pomssed of sufficient elastidty to expand 
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aitA oooie iaio cloBe contact with the inner wall of 
barrd when the bucket is in a working poeifion. ^ere 
are two h^lf-round or D shaped leather chteks, strengtiiened 
with WTOught-iron in the usual manner, hinged to the 
, central cross bar. The top edge of the bucket inclines inward 
from the outer circumference to the centre, giving two 
oblique bearing sur&ces, against which the vfdves rest when 
dosed. In addition to the full size example, a small model 
of this bucket is placed in the case of model No. H. 13. 

• 

No. H. 13.~Model op Vabious Systems of Valves 
ADOPTED IN Mine Pumps. By Mr. T. B. Jordan. 

This is a large model of a force pump with a loaded 
plunger, having eight rising pipes arranged round, each 
having a different l^d of valve, as follows : — 

I. Double leather or butterfly clack. 

II. Clack having six triangular flaps opening outwards. 

III. Harvey and West's single beat tubular valve. 

IV. Hosking’s many-tubular slide valve. 

V. Darlington’s double beat valve. 

VI. Jenkyn’s ring-shaped clack. 

VII. Host^’s single beat valve. 

VIII. Palmer and Perkins' elliptical clack. 

The greater number 'of the above are intended for use 
in pumps of large size, where flat valves made in a single 
piece are objectionable, owing to the shock produced by 
their fall against the valve seats when the upward pressure 
of the water is taken off at the change of stroke. Some 
of the principal methods for obviating this inconvenience 
are : — 1. Forming the valve of several small pieces, as in 
I., II. 2. Forming the clack of several concentric rings, 
each serving as a face for the next smaller one, as in IV. 
and VI., of which the former shows the application of the 
principle to sliding, and the latter to hinged valves. In 
VIII. the valve is an elliptical disc suspended by a central 
axis placed a little above a line passing through the centre 
of gravity, which bears against a seat of similar form. The 
disc is so balanced that is opens easily, and falls back 
quietly against the seat, and when open gives a very large 
water-way. Nos. III., V., and VII. are examples of the 
single and double valve, such as are employed in large steam 
engines, applied to pumps. They consist essentially ot 
tubes of large diameter cdntracted above and below to 
or conical rings, forming the so-called beating faces, 



bear agalnsli^ rings of a correq>onding form on the valve 
seats. single beat valve has only one beating^ &ce, 
while the double beat form has two. The seat in^the latter 
form is usually a ring turned to the proper shape for the 
lower bearing surface, which carries a circular plate with 
a similar edge, for the top bearing face, by a series of 
radiating arms. When the valve is opened the water 
passes through the apertures of the lower ring between 
the arms into the broad part of the valve, and round the 
edge of the top plate into the rising pipe. 

The difficulty of preserving an accu7ate contact between 
the valve and its seat, when the water to be lifted is dirty 
or sandy, renders the double beat form of valve less 
applicable for mine pumps than it is for towns' water 
works engines, where the water is clean or filtered before 
entering the pump. One of the best materials for large 
valves working under moderate pressure, is vulcanised india 
rubber, which closes perfectly and is very durable when 
kept free from grease. 

In the same case are placed a common metal-faced leather 
clack, and a small model of Heaton's pump bucket with 
gutta percha packing. 

MAN ENGINES. 

No. J. 1. — CoRNi^ Double Rod Man Engine. 

No. J. 2. — German Double Rod Man Engine. 

No. J. 3. — Man Engine at Fowev Consols. 

These models are in the doorway of the principal en- 
trance of the model room from the first floor of the 
Museum. 

The man engine is a machine in use in a few of the deep 
mines in Cornwall, Saxony, the Harz, and Hungary, as well 
as in some of the deep collieries in Belgium and the North 
of France, but although it was originally introduced in 
the Harz in 1833, the whole number of mines in which it 
has been adopted in Europe up to the present time pro- 
bably does not exceed thirty, in its original form, it con- 
sists of two vertical rods placed parallel to each other, and 
extending through the whole depth of the shaft ; the heads 
of the rods are connected with the crank shaft of a rotary 
engine, by a long connecting rod and two reversed angle 
levers, by which a redproeating motion is imparted to them, 
one rod rising while the other is fitlling, and vice ver$d, A 
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series of small platforms project from the fSaee of the rods, 
theidistaiice between them being equal to the*length of the 
stroke. The miner wishing to ascend steps on to the lowest 
platform of one or other of the rods at the moment that it 
commences its upstroke, and is carried up during the time 
that the other rod is descending ; at the moment when the 
rod stops at the change of the stroke, he has arrived opposite 
to the next higher platform on the opposite rod, and step- 
ping across to it, he is lifted through the same amount before 
stepping back to the rod on which he started, and so on 
until he anives at ^he top ; the amount of lift during each 
revolution of the driving shaft being equal to twice the single 
length of the stroke in the shaft. In the newer forms 
adopted in Cornwall a single vibrating rod only, is used, 
and the miner who is travelling up at the end of the stroke 
steps off the rod on to a fixed platform, and waits until 
after the next change ; the rod again moves in an upward 
direction. In either case the method adopted in descending . 
is the reverse of that adopted in coming up.* 

No. J. 1. — Double Eod Counjsh Man Engine. 

Scale Vt* Half an inch to 1 foot. 

This is a generalized model of a portion of a double rod 
man engine ; the rods are connected by link rods to the 
horizontal arms of a pair of levers, whose two limbs are bent 
at right angles to each other, 'which are supported on a 
braced timber framing placed above the mouth of the shaft- 
The ends of the vertical arms are firmly connected together 
by two flat wrought-iron rods. The motion of the driving 
crank is transmitted by a long wooden beam linked to 
the vertical limb of the left-hand angle lever. The rods are 
guided by broad rollers of cast iron with projecting flanges 
at the sides in the model; these are placed alternately in front 
and at the back of the rods, which would necessitate changing 
the side on which the platforms are attached ; this arrange- 
ment is not used in practice. A resting place or platform is 
provided at every 10 fathoms. The gmde rollers are placed 
at 8 fathoms distance apart. The diameter of the path of 
the crank is 10 feet. ^ 

Two double rod man engines have been built in Cornwall ; 
the first was put up in the year 1843 at Tresavean, a mine 
which is now abandoned, tiie other at the United mines was 
put up in 1845, and is still at work. 


* Moissenet, Ann. des Mines, 5 S«r., yoI. xt. 
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Tbe Tresavean engine was carried down to a depth .of 
^0 &thoms^, it was driven hj a steam engine of inches 
diameter of cylinder and 6 feet stroke, making 15 revolu* 
tions per minute, which was reduced by spur gearing to 
or thi^e strokes per minute on the rods ; the latter were 
uniformly 8 inches square throughout. The speed at which 
men were lifted was 72 feet per minute, 24 minutes 
being requisite for the entire journey of 290 fathoms. 

Th^e United mines engine has the section of the rods 
tapered, varying from 7^ inches square in the upper 60 
fathoms to 7 inches in the next length ^of 100 fathoms, and 
6^ inches in the last 50 fathoms. The driving power is 
furnished by a steam engine of 32 inches cylinder diameter 
and 6 feet stroke, which also works a pair of crushing 
rollers ; the speed is reduced by gearing wheels to -J^th of that 
of the engine, which runs at i 8 revolutions per minute, the 
rods making three oscillations during the same period. 
The time required for travelling the whole distance of 200 
fathoms is 17^ minutes. 

No. J. 2.— Man Engine at Himmelfahkt Mine, near 
Freiberg.* 

Scale, tV- I to 1 foot. 

This double rod engine was put up in the year 1857 ; 
it is driven by a water wheel placed at the level of 
the adit, about 40 fathoms below the surface, and extends 
to a depth of 190 metrical * fathoms (about 206 statute 
fathoms) below that point. The rods are about inches 
square ; the driving mechanism of angle levers and connect- 
ing rods being very similar to those of the Cornish model 
No. J. 1. ; the length of stroke is 5 mine feet, Saxon measure 
(about 56 inches). The guides on the rods are formed by 
projecting wrought-iron bars, which run between grooves 
of corresponding section in wrought-iron plates screwed 
down to the cross timbers in the shaft, placed at intervals 
of 48 feet. Catch pieces are fixed to the backs of the 
rods at intervals of 18 feet; they are pieces of cast iron 
with short arms projecting Jiorizontally, which are intended 
to be received on hori 2 :ontal cross bearers in case of any 
breakage taking plsfcce. An elliptical ring with its long 
axis placed horizontally, fixed above each platform, serves as 
a handle. The rods are connected together at intervals by 


* Jahrbuch fiir d«n Sachs, Berg and Huttenmann, 1858, p. 69. 



128 


chains running on a cast-iron pulleys Or sheave placed be- 
tweeli them ; when this occurs, there is necess&rily a break 
in the series of platforms owing to the cross timbers which 
carry the bearings of the sheaves being in dose contact with 
the face of the rods ; at these points, therefore, the men 
have to leave the rods and travel by the ordinary ladderway 
for a space of 24} feet; this inconvenience is common to 
nearly all the German forms of this machine. In the deep 
mines of the Upper Harz eight man engines have been con- 
structed at diiferent ti mes, the earlier ones are made with 
double solid rods, but afterwards skeleton frames made of 
tliinner wooden bars, or wrought-iron rods, or ladders slung 
together with chains were introduced, and in the deepest 
mine, the Samson shaft, near Andreasberg, the rods are 
entiiely replaced by ladders, whose sides are mode of 
tapered iron wire ropes, diminishing in thickness from 3b 
wires above, to 2 at the bottom. It is customary in the 
Harz not to allow the men to descend by the engines, so 
that a continuous ladder way is necessary ; this is either 
placed between the rods, or at one side of the shaft in the 
usual way. 

No. J. 3. — Man Engine at Fowey Consols Mine^ 
Cornwall. 

Scale, 1^ inches to 1 foot. 

This, the first of the single rod man engines, was built 
in the year 1851; it extends? from the surface to a depth 
of 280 fathoms, the shaft being veifical throughout. 
The rod is 8 inches square, and is driven by an overshot 
water wheel of 30 feet diameter and 6 feet face, making 
from 5 to 6 strokes per minute ; the crank in the axle of 
the wheel being connected directly with the large balance 
bob at^he surface, by a round wrouglit-iron rod 3^ inches 
in diameter. The bob in its turn is connected to the rod of 
the man engine by a similar wrought-iron rod, linked to 
a flat tail, and secured by wrought-iron strapping plates, 
to a packing piece at the back of the rod. The beams of 
which the latter is built up averse about 36 feet in length ; 
their ends are simply butted together, and the joint secured 
by long wrought-iron fish or strapping plates placed in pairs 
opposite to each other on alternate faces, in a manner exactly 
similar to that employed in pump rods. Tlie length of the 
plates is usually about 1 2 feet, giving room for eight bolts of 
inches in diameter. At intervals, cross or T pieces are 
attached to the back of the rod ; the ends of these pieces run 

i 2 
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between grooves in two vertical timbers 14 feet long, form- 
ing guides fbr preserving the verticality of the path of the 
rod, acting in a similar manner to those of an ordinary hori- 
zontal steam engine. The platforms are made of oak planks 
inches thick and 12 inches square, carried upon trian- 
gular wrought-iron brackets. Handles made of | inch round 
iron are fixed 4 feet above the j^latforms ; they are plain 
staples 2 feet long, placed vertically, with the ends turned 
over at right angles and driven into the iron. Similai' 
handles are placed above the stationary platforms on which 
the men run during the alternate strokes ; they are attached 
to a fixed vertical wooden rail. The excess weight of the 
rod is counterbalanced by three balance bobs, one of which 
is at the surface and the other two are underground. The 
mass of the water wheel not being suflScient to produce a 
sufficiently uniform velocity of rotation, a fly wheel weighing 
14 tons has been added; it is driven by gearing wheel at 
three times the speed of the original engine. There are 
other single rod engines in Cornwall, at Levant, Dolcoath, 
Cam Brea, and Huel Reeth; of these, the fii'st is 200 
fatlioms long, making 4 strokes per minute ; the second is 
220 fathoms long, and makes S| strokes ; the length of the 
stroke being, as is the case in all the Cornish engines, 2 
fathoms. 


VENTILATING MACHINES AND FURNACES. 

No. K. 1. — Harzee Air Machine (W’'ettersatz). 

No. K. 2. — Saxon Ventilating Fan. 

No. K. 3. — Fabry’s Ventilator, or Pneumatic Wheel. 
No. K. 4 . — Lemielle's Ventilator. ^ 

No. K. 5 . — South Wales Colliery Venttlating Furnace. 
No. K. 6. — Ventilating Furnace at Hetton Colliery. 
No. K. 7. — J. M. Paull’s Patent Ventilating Furnace. 

No. K. 8. — Patent Self-«losing Trap Door for Air- 
ways. 

The whole of the models enumerated above are in Gallery 
£., Case 6, adjacent to the -case containing the lamps. 

The methods of ventilating the workings of mines fall 
primarily into two classes, viz., those in which mechanical 



age^ are employed, and those where heat alofie is used for 
setting up a current. The former class is again divisible 
into machines used for compressing and those for exhausting 
the air, the latter kind being employed almost to the exclu- 
► sion of the former. In furnace ventilation, of course, the 
action is always an exhausting one. In the newly invented 
coal-cutting machines, compressed air of from to 3 atmo- 
spheres pressure is employed as the driving power; this 
may prove a great incidental advantage to the process, as 
the air escaping froiji the cylinder will aid the ventilation, 
and will also serve to cool the workings by the absorption 
of heat consequent on its expansion. The use of mechanical 
ventilators is, in England, generally confined to supplying 
fresh air to a single level, the whole of the workings of a 
large mine being but rarely dependant upon a machine for 
a constant circulation ; they are, however, more used in the 
collieries of the North of France and Belgium, where pneu- 
matic engines of considerable size and power are commonly 
seen. The great ventilating agent employed in English 
collieries is the underground furnace, which can be made 
sulBciently large for the requirements of the most extended 
workings. Permanent furnaces at the top of the up- cast 
pit were formerly employed to a certain extent, but are now 
rarely seen. The details of the method of passing air 
through the ramifications of a large mine, together with the 
position of the furnaces and drifts for fiery currents, have 
been noticed in the account qf the workings in the North 
of England and Derbyshire at pp. 95 and 100. 

No. K. 1. — Air Pump of the Harz (Harzer Wetter 

Satz.) 

Scale, 4^. 2 inches to 1 foot. 

This contrivance is employed in Cornwall and in the 
German mines for ventilating the ends of levels, and other 
places where the air is stagnant, by exhaustion ; as it is 
usually of but small size and requiring little power it is 
generally attached to the rod of the pumping engine. It 
consists of a wooden box of a ^uare section, open below 
and closed at the top, attached by a wrought-iron rod to a 
cross arm projecting at right angles from the main pump 
rod, by which it is moved up and down in an outer case of 
a similar shape partly filled with water. A pipe in com- 
munication with the level to be ventilated passes up through 
the bottom of the outer box to within a short distance of 
the top, it is covel^ed with a plain clack or valve opening 
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outwards ; t?yo similar valves are fixed to the top coi^r of 
the inner box. As the rod ascends a partial vacuum is 
established within the box, as communication with the 
outer air is prevented by the water joint, and the top valves 
are kept closed by the pressure of the external air; the 
valve on the pipe inside therefore opens and the air from 
the workings flows in until the change of stroke, when by 
the descent of the box the air is compressed and opens the 
two top valves, through which it passes freely into the 
atmosphere. 

The same principle has been appliefd in Belgium to the 
construction of large ventilating machines for collieries. 
At Marihaye, near Liege, a pair of wrought-iron bells or 
cylinders are employed, each of 144 inches diameter and 
about 9 feet stroke ; they are suspended by chains over 
guide rollers, and are driven by a direct-acting horizontal 
steam engine. There are 16 suction, and an equal number 
of exhaust valves, which, owing to the small diflference of 
pressure produced, require to be counterbalanced with 
weights, in order that they may open and shut freely at the 
change of the stroke. The amount of air drawn by thi-i 
machine is about 11,500 cubic feet per minute.* 

No. K. 2. — Ventilating Fan used in the Saxon Mines. 

Scale, 1^ inches to 1 foot. 

This fan is of the same kind of construction as that em- 
ployed for blowing ironfoun tiers' cupolas ; it has five radial 
arms with flat rectangular blades, which revolve about a 
horizontal axis within a cylindrical case or drum, having a 
circular aperture about 20 inches in diameter in the centre of 
each of the sides ; the outside diameter of the fan is about 
four feet. The air taken in at the centre is discharged through 
a rectangular tube of 15 inches in breadth and 10 inches in 
height at the bottom of the drum, and is conveyed through 
pipes of a similar section, made of wooden planks or sheet 
zinc, into the forward end of the level to be ventilated. 
The fan is driven by a wheel 64 inches in diameter, con- 
nected by a strap with a ^indle of four inches, giving 1 6 
revolutions of the blades for one of the driving wlieel. 
The strap is kept at a proper tension by a friction roller, 
attached to a board, which slides on a pair of horizontal 
cross timbers, an arrangement which allows the machine to 
be put out of work without stopping the driving wheel or 
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disijpBBecting the strap in cases where it is oi^y to 

be used intermittently. By putting the central apertures in 
communication with the air tubes, the fan can be used for 
establish]* Dg a circulation by exhausting the bad air. By 
surrounding the fan with spiral guide plates or diffusers, 
the air, instead of being discharged at a useless velocity 
against the walls of the drum, may be led off to the 
discharge pipe more conveniently and economically. Small 
ventilators on this principle, constructed by M. Schwamkrug, 
are now used in the Saxon mines ; they have six arms, with 
blades 8^ inches sqfiare and 30 inches in diameter, and can 
be worked by one man at a maximum speed of from 400 to 
450 revolutions per minute, with a pipe of 6 inches square ; 
60 cubic feet of air can be drawn in that time from a dis- 
tance not exceeding a quarter of a mile. The quantity of 
fresh air required by a man at work in the end of a 
level, is estimated at six cubic feet per minute.* 

No. K. 3.— Fabry’s Ventilator, or Pneumatic Wheel. 

Scale, -po. 1 inch to 1 foot. 

This machine is employed to a considerable extent in the 
Belgian collieries. It consists of two fans, each having 
three broad rectangular blades, arranged radially and at 
equal distances a part, around a horizontal axis, connected 
together by spui gearing wheels, so as to revolve at equal 
velocities in opposite dir^tions. The fans are hung 
in a chamber of masonry, which covers about two- thirds 
of their circumference, the remaining parts moving in 
the open air. The chamber is rectangular in plan, with 
vertical side walls ; the end walls are segments of horizontal 
cylinders, whose centre lines coincide with the axes of the 
fans. These cylindrical walls correspond to the drum in the 
ordinary fan blower ; they are coated with cement dressed 
up to a smooth face, so as to give the smallest possible 
interval between the ends of the blades, without actually 
touching. The foul air from the mine is brought in through 
an arched passage in one of the side walls. The space inter- 
mediate between the two axfife is kept isolated from the 
external air by a peculiar contrivance, each of the blades 
has a shorter blade projecting from either face at right 
angles, which carries a plate curved to an epicycloidal form ; 
these cross arms are fixed at about two-thirds of the dis- 
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tanoe from centre of the blad^ towards the cirram- 
ference. As the two fans turn towards each other on the 
inner side (between the axes), a pair of the curved heads, one 
on each wheel, are continually in contact, preventing any 
communication between the interior of the chamber and 
the outer atmosphere. The blades, as they rise, scoop up a 
quantity of air and deliver it at the outer edges of the 
chamber, the v olume included between two contiguous 
blades being somewhat less than that contained in a seg- 
ment of 120® of the cylinder bounded by the curved wall* 
A quantity of air is, however, carried m by the cross arms 
from without, this is in form, an irregular five-sided prism, 
whose bases are enclosed by those parts of two of the blades 
that lie between the centre and the intersection of the cross 
arms, the cross pieces on one side of these blades and the 
cross arms on the intermediate blade of the opposite fan. 
The volume of this prism is, however, but little greater than 
that of a cylinder whose radius is equal to the length of 
the blade between the centre of the axis and the inter- 
section of the cross arms with the blades of the fan. The 
effective volume removed by each fan, per revolution, there- 
fore, is nearly equal to that of a hollow cylinder whose longer 
radius is equal to the length of the blade, the smaller one 
being the point of intersection of the cross arms. These 
machines are usually made with arms 46 to 48 inches long 
and about 115 to 120 inches broad. The effective volume 
removed per minute is equal to rather more than 25,000 
cubic feet, at a pressure of from If to 2 inches of water, the 
wheels making from 36 to 40 revolutions during that time; 
this requires a disposable effect of 1 4 steam horse-power, 
about one-half of which represents the useful mechanical 
effect.* 


No. K. 4. — Lemielle’s Ventilator. 

This machine has a vertical cylinder, within which re- 
volves a second cylinder or drum, also vertical, but whose 
axis is placed eccentrically with regard to the outer one. 
Two portions of the circumference of the inner drum are 
truncated and replaced bjrflat sides, to which a pair of 
hinged leaves or dooi’s are articulated. The section of the 
inner cylinder approximates to that of a ban^el, the heads 
representing the flat surfaces to which the doors are fixed. 
These doors are kept continually in contact with the inner 
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surfaoe of the outer cylinder by means of rods attached to an 
elbow* or crank formed on the vertical shaft orf which the 
drum revolves, the arrangement being similar to that of the 
feathering float boards adopted in paddle-wheel steamers. 
JThe central line of the aperture by which the air is intro- 
duced makes an angle of about 150 degrees with that of the 
discharging orifice. The folding door as it advances pushes 
the air taken in at the feed aperture before it, the contact 
with the cylinder wall being kept up by the eccentric rod, 
which causes the door to open out further, making a con- 
stantly increasing angle with the side of the drum, as the 
distance between the inner and outer cylinders increases, 
this goes on until the crank has passed its centre, when the 
door is again gradually drawn in, as necessitated by the di- 
minishing distance between the cylinders, until it Reaches 
the discharging aperture, where it occupies the same angular 
position with respect to the side of the drum that it did 
at starting. The volume of the air carried through the 
machine by each door, as it revolves, is equal to that of a 
crescent-shaped solid, with truncated points, whose horizon- 
tal section is equal to that part of the base of the outer 
cylinder, that is truncated by a chord, joining the admission 
and discharging passages, diminished by half the area of 
the base of the drum.* 

No K. 5. — Colliery Ventilating Furnace, used in 
South Wales. 

This is the commonest class of underground furnace ; it 
consists of a plain rectangular fire-grate placed at the lower 
end of a level or drift, which rises at an angle of about 1 5® to- 
wards the up-cast shaft. The level is driven in the solid coal 
and is lined with brickwork, the roof forming a continuous 
cylindrical arch or vault. The furnace is covered by a 
similar arched gallery of smaller dimensions constructed in 
fire-brick, the intermediate space is divided by arched 
diaphragms into cellular air passages, in order that the 
outer arch may not become unduly heated by the fire. A 
funnel mouthed pipe is placed on one side of the lid in 
front, it communicates with a transverse pipe perforated 
with small holes placed across the back of the gi*ate, which 
serves to introduce air for the more perfect combustion of 
the smoke and inflammable gases produced by the fire. 
The section of the fiue is somewhat diminished at the 
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upper end. The section^ of the up-cast shaft is a four-sided 
figure wit& curved sides, formed by two pairs of circular 
arcs of different length and curvature. 

No, K. 6. — Ventilating Furnace at Hetton Colliery., 

Durham. 

Scale, Vt- Half an inch to 1 foot. 

This is a furnace of the largest class, and it is so arranged 
that the amount of grate surface at work may be varied 
according to the necessities of ventilation. It stands in a 
rectangular chamber, opened in the solid coal and lined with 
brickwork, having a flat segmental vaulted roof. The 
fire-grate is level, it measures 25 feet in length by 5 feet 
breadth on the bars, giving a total surface of 125 square 
feet ; there are four pairs of feeding doors in the front 
longitudinal wall arranged like those of the furnaces of a 
marine steam boiler ; other doors are placed above these for 
drawing air above the fire. The top of the furnace is 
arched in firebrick ; the hinder wall is placed within two 
feet of the wall of the enclosing gallery ; on the firing side 
there is a clear space of seven feet for the stokers, in ad- 
dition to which there are two rectangular recesses for 
storing coals in the wall of the chamber, which are four feet 
square. The up-cast shaft is circular in plan, measuring 
nine feet in diameter, and is lined with firebrick. There are 
two furnaces in connection with this pit, producing a draught 
of 104,000 cubic feet of air per minute at a pressure of one 
inch of water. 

No. K. 7.— Paull's Patent Ventilating Furnace. 

Scale, tt. 1 inch to 1 foot. 

Presented by the Patentee. 

This furnace was patented in the year 1857, it is in- 
tended to be used in fiery collieries where the air may be 
drawn through the furnace without coming into contact with 
the 'flame. The fire-grate is placed at the bottom of a 
square shaft, with an archgjd roof, terminated by an upright 
and slightly conical chimney. A number of metal tubes are 
placed across the furnace in horizontal rows, somewhat 
similar to those of a locomotive boiler. The outer surfaces 
of the tubes are exposed to the direct action of the fire, 
which expands the air in the inside, and as the ends of the 
tubes are in free communication with the air, a current is 
established passing the air from left to right, the dis- 
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charging side being in direct communication with the 
atmosphere. The products of combustion from* the fire are 
only brought in contact with the up-cast air at the top of 
the chimney, where the temperature is considerably re- 
^duced. The patentee recommends that the length of the 
tubes should not be reduced below six feet, and that they 
should be tapered, increasing in diameter from the in-take 
to the discharging side. The limits of diameter recom- 
mended are between six and nine inches. 

No. K. 8.— Patent. Self-closing Trap Door for Air- 
ways. By Mr. Thomas Heaton, Bolton. 

This is intended for preserving the ventilation in galleries 
which are used for drawing coals. The pressure of the 
front of the tram waggon against a pair of bent levers 
turning upon centres attached to the walls, causes the doors 
to slide apai*t. As soon, however, as the waggon has 
passed a corresponding pair of levers on the opposite side, 
the doors, which are suspended by rollers to a slide, whose 
upper edge forms a double inclined plane, are brought back 
to their former position by the fall of the rollers on the 
slide. 

MACHINES EMPLOYED FOR THE DRESSING OF 

MINERALS. 

This division includes ail the appliances required for 
crushing and separating orea and coals from intermixed 
worthless materials, under the following special classes : — 

A. CRUSHING. 

J. Crushers. 

2, Stamps. 

B. SIZING. 

3. Sizing Sieves and separating Drums. 

4. Slime Sizing Apparatus. 

C. SEPARATING. 

5. Trunks and Cases, Tyers, &c. 

6. Slime Washing Tables, Round and Rotatory 
Buddles. 

7. Jigging Machines. 

* 8. Shaking Tables. 
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CRUSHERa 

The models belonging to this division are in the west 
gallery, with the exception of two crushers which are too 
large and heavy to be exhibited in their proper places ; one 
of these is in the east room, and the other No. L. S. in the* 
small room communicating with the eastern gallery. Ihe 
drawings of Berard’s coal dressing machinery are hung on 
the walls of the principal entrance of the galleries from 
the second story of the museum. 

No. L. 1. — CttUSHEK AT TvWAlft^HAILE MlNES. 

No. L. 2. — Cornish Crusher, by Jordan. 

No. L. 3. — Derbyshire Hand Crusher. 

No. L. 4. — Mackworth's Ironstone Crusher. 

No. L. 4*.— Stonebreaking Machine.* 

The crusher is a machine used for breaking down minerals 
into a coarse powder, suitable for treatment by jigging or 
other dressing processes ; it is also employed for reducing 
clean ores into powder for the smelter. For all sub- 
stances of medium richness and hardness, especially in the 
case of lead ores, it possesses great advantage over the 
stamps when combined with a proper classifier, as its work 
is done dry, and therefore the loss by the diffusion of finely 
divided ore through large quantities of water in the form of 
slimes is avoided. The crushers usually employed at the 
present time consist of a single pair of cast-iron cylinders 
placed horizontally and nearly in contact, coupled together 
by spur wheels of equal diameter, so that their surfaces 
revolve towards each other at an equal velocity. Rollers 
with projecting teeth are employed in a few instances 
but are by no means as common as the plain form. 

No. L. 1 . — Crusher at Tywarnhaile Mines, Cornwall. 

Presented by the late John Taylor, Esq., F.R.S. 

Scale, I, or 2 inches to 1 foot. 

The rollers of thijs machine are of unequal length, the 
driver being 24 inches and the follower only 18 inches, 
both are of the same diameter, namely, 27 inches ; they are 
formed of thick cast-iron shells keyed on to cylindrical 
bosses, on a pair of plain shafts, which have couplings out- 


For deBcriptlon of No. L. 4. lee page 199. 




133 

side their bearings connecting them with a paft* of lighter 
shafts^ carrying Wie gearing wheels. The bearings of the 
shorter roller slide between parallel guides, and are kept in 
position by round bars passing through holes in the frame 
which are pressed against by the shoHer arm of an un* 
%qual armed bent lever, whose longer arm carries a loaded 
box ; the relation of the two arms to each other is as 
1 to 9. The object of this an*angement is to save the rollers 
from fracture in case any unyielding substance should get 
between them, for when the resistance of any fragment is 
greater than the horizontal thrust exerted by the loaded 
arms on the bearings,* the shorter roller slides apart from 
its fellow and opens a passage for the unbroken substance 
to pass through. The broken material passes into a tubular 
or drum sieve, 42 inches in length and 24 inches in diameter, 
whose axis is set at an angle of 25® to that of the driving 
roller, with which it is connected by a pair of bevil wheels, 
tl'.e smaller wheel on the sieve shaft having 11 teeth receives 
motion from a larger one of 40 teeth. The giiuze has six 
apertures to the square inch ; the particles passing through 
are received in a box, closed by a door, through which they 
are loaded into a truck on the railway below ; the coarse 
fragments are tlirown out into the buckets of the raff wheel 
or lifting wheel, which i*esembles a reversed water wlieel, 
being closed on its outer circumference, but provided with 
a ring of buckets opening inivards ; it is 15 feet in diameter, 
and being coupled to the driving roller makes the same 
number of revolutions ; it discharges its contents on a floor 
immediately adjacent to the feed hopper to which they are 
returned to pass a second time through the rollers. 

A crusher of this size makes from 30 to 50 revolutions 
per minute, requiring an effective driving power of from 12 
to 20 horse power, and will break down a quantity of ores, 
varying from 40 to 60 tons per day, according to the hard- 
ness of the associated gangues. 

No. L. 2. — Cornish Crusher for Copper Opes. 

Old Pattern. 

Scale, -tV> or 1 inch to 1 foot. 

This is a small crusher, driven by an over-shot water 
wheel, with an intermediate train of spur gearing. A cross 
bar is inserted behind the bearings of the loose roller to 
receive the pressure of a single balance lever in the centre, 
instead of using a special weight for each end. The broken 



IM 


t 

stoff is discharged &id6wa.ys down an inclined shoot into 'tl:^ 
drum sieyei whose axis is placed at right angles to lhat of 
the rolls, and is driven by a special train of gearing 
wheels. The coarse fragments are thrown into a rectan* 
gular box or kibble, which moves between wooden guides, 
and when filled it is lifted by a rope winding on to rf 
windlass barrel fixed above the rollers ; the shaft of this 
windlass is slung to the end of a lever, by which it can be 
lifted out of gear. A coiled spring attached to the plummer 
block of the loose end keeps it in position when in use* 
The rollers make four revolutions for ^each revolution of the 
water wheel. 

No. L. 3. — Derbyshire Hand Crusher. 

This is used in the small lead mines of Derbyshire when 
only a few hands are employed. It has two plain rollers of 
cast iron, 2| inches in diameter, and 8 inches long, geared 
together by spur wheels in the usual manner. The loose 
roller is not balanced by weights, but is kept in position by 
setting screws acting on the outer face of the bearings. 
The ore is supplied through a hopper J2 inches square at 
the top, to which is hinged a shallow inclined tray with 
two projecting arms, terminated by convex bosses at the 
lower end ; these bosses rest on the outer faces of the gear- 
ing wheels of one of the rollers, and are set in vibration by 
the teeth as they pass, this gives a jerking motion to the 
tray, bringing a fresh supply of ore continuously to the 
roller. The broken stuff falls down an inclined plane into 
a dish made of sheet iron placed for its reception below. 

No. L. 4. — Ironstone Crusher. 

This is a pair of rollers studded with coarse blunt teeth, 
arranged in a spiral form around their circumferences ; it 
is intended for breaking ironstone into coarse fragments in 
order to facilitate the separation of intermixed argillaceous 
matter. 


STAMPS. 

No. L. 5. — Steam Stamps, Carn Brea Mine. 
No. L. 6. — Tin Stamps, Par Consols. 

No. L. 7.— Saxon Wet and Dry Stamps. 

No. L. 8 — Australian Stamps. 

No. L. 9.— Ironstone Washing Machine. 



^6 stamping mill is the machine generally employed for 
reducing minerals to a state of division sufficiently fine to 
allow of the classification of their component parts by the 
action of water. It consists essentially of a series of ver- 
tical beams sliod with masses of wrought or cast iron, called 
.stamps, which are lifted by cams fixed on the circumference 
of a rotating barrel and allowed to fall on the fragments of 
ore beneath them. The powder or coarse sand produced 
by the stamp is removed by a current of water passing 
through the stamp box or cofer, the discharge taking place 
either through a perforated metal plate, a grating of bars, 
or by the swell of the water over a thin edged boai-d or 
weir ; this last form of stamp is known as a “ flasher.*' 

No. L. 5. — Cornish Steam Stamp, Carn Brea. 

Scale, 1 foot. 

This is the original arrangement of the stamps at Carn 
Brea Mine, Cornwall, but it is no longer in existence, having 
been replaced by a more powerful set. The stamp heads 
are 72 in number, divided into two lines of 36 each ; the 
steam engine is placed between them, and drives the cam 
barrels by a pair of short shafts, each carrying a fly-wheel, 
which are coupled together by the pin of the driving cranks. 
The stamps work in sets of three, divided from each other 
by upright pillars, to which are attached thick oaken planks 
forming a closed box or cofer to a height of about 20 inches 
above the ground. The ores to be stamped are introduced, 
together with a stream of water, through a square hole in 
the hinder wall of the cofer, whilst the finely divided 
materials is carried out by the stream through perforated 
metal plates on the front wall. The stamp head is a mass 
of white cast iron of an irregular prismatic form, furnished 
with a tapered projecting tongue at its upper end, which is 
sunk into a corresponding socket at the lower end of a ver- 
tical timber beam called a lifter, and is secured in place 
by two narrow wrought-iron bands. The lifter moves 
vertically between two pairs of parallel guides, which are 
attached to transverse bars uniting the dividing pillars of 
the sets together, a wooden tongue projecting at right 
angles from it about midway between the guides receives 
the action of the rotating cam shaft. Each head is lifted 
five times in every revolution of the engine. The cams are 
made of cast iron, shaped to an involute curve, having 
wedge tails, by which they are keyed into their sockets on 
the cam barrels ; the latter are hollow cast-iron cylinders 
with flanged ends, united together by screw bolts ; the jour- 
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nids are attached by covering plates similar to those of the ^ 
large Coraish water wheels. A simple disengaging clutch 
is introduced in the middle of each line, dividing it into 
two parts, each of 18 heads ; the ends nearest to the engine 
are connected with the driving shaft by ratchet couplings, 
an arrangement which allows the engine to be run inde- 
pendently of the stamps if necessary ; its chief object, how- 
ever, is to prevent the possibility of the cam barrels being 
turned in the wrong direction, if by mistake the engine 
should be reversed by the driver at starting. The bed on 
which the stamps work is formed^ of a hard quartzose 
stone, stamped in a dry state to a depth of eighteen inches 
between longitudinal walls of masonry. The ores broken 
into lumps of about two cubic inches volume, are brought 
in waggons along a railway raised about ten feet above the 
ground, running parallel to the whole line, and a short 
distance behind it, and are received in large hoppers with 
inclined bottoms leading into the backs of the stamp cofers. 
The descent of the lumps is effected partly by their own 
weight, partly by the general shaking set up by the falling 
stamps on the framing, and partly by the action of the 
water which is introduced near the outlet of the hopper. 

In the year 1857 the Cam Brea stamps included 9C 
heads, divided into sets of four, each one weighing 660 lbs., 
and striking 44^ blows per minute with a fall of 9 
inches, the driving shaft making 8^ revolutions in the 
same time. The motive power is furnished by a single 
acting high-pressure condensing steam-engine, with an 
unequal armed beam ; the steam piston is 32 inches in dia- 
meter, making a stroke of 9 feet ; the radius of the crank 
is only 4 feet. The two fly-wheels are each 20 feet in dia- 
meter. Each head will stamp about 200 tons of ore per 
annum, or about 13 cwt. daily (in 24 hours) ; the amount of 
water consumed is about three gallons per head per minute. 
The discliorging grates are plates of copper perforated 
with holes of Vo- or Vtt of an inch in diameter. The weight of 
the stamps employed in other tin mines in Cornwall varies 
from 3^ to cwts,the lighter ones being usually employed 
where water is the motive power. The height of lift is 
from 9 to 10^ inches. « 

No. L. 6. — Stamps at Par Consols. 

Scale, about ^ of full size. 

This model represents a set of four heads without the cam 
barrel The lifters are made of rectangular balks of Nor- 
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way with wrought- iron tongues andguides^ the latter 
are formed by two pairs of triangular prisms of an equi- 
lateral section, one edge being turned outwards, they rub' 
against planks of soft wood attached to the cross bars of the 
framing. The shorter sides of the cofer, as well as the front, 
are provided with discharging grates, formed of perforated 
iron plates, each of these rest against an iron backing, lining 
the aperture on the inner side of the box, and is kept 
in position by a wrought-iron pressure frame, secured by a 
cross bar resting on two arms projecting from the outer side 
of the cofer. The front grate is of extra large size, measur- 
ing 23^ inches in length by 7 in height. The weight of the 
stamp head complete is cwts. ; the lift is 10 inches ; the 
number of strokes per minute 50. A double cylinder engine 
on Woolfs principle of about 50 effective horse-power, is em- 
ployed, it moves 76 heads, of which 68 are worked on tin, and 
the other 8 on copper ores, 20 are flashers, and the remainder 
stamp through grates. The ore stamped by each head is 
265 tons per annum, or about 27 per cent, more than the yield 
per head at Carn Brea ; the ore contains chlorite in consider- 
able quantity, yielding about l*25®/o of metallic tin. The 
sandy mud passing out through the grates is received in a 
rectangular channel called a strip, there are twn of these for 
every set of four heads, which are in use alternatly, one 
being cleared out while the other is filling, they are of the 
following dimensions, 12 feet long, 14 incties broad, and 12 
inches dee]), with a forward slope of 2 inches in the 

length. The reputed density of flie material collected is I *3, 
this would give a weight of about half a ton for the con tents 
of one strip when filled, or 14 cubic feet at 80 lbs. The 
filling takes place in twelve hours, during which time the four 
heads in the set will have worked through two tons of the 
ore ; the sand deposited in the strip amounts therefore to 
about l7i®/o of the weight of the ore originally treated. The 
finer materials retained in suspension by the water are 
collected in large basins called slime pits.* 

No. L. 7. — Stamps used in the Saxon Mines. 

Scale, ^ of an in^ to 1 foot. 

In the dressing floors in the neighbourhood of Freiberg, 
stamps driven by water power are exclusively employed. 
The weight of the head is smaller, and the number of heads 


* Moissenet, Ann. des Mines, 5 ser., vol, xiy. 
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combined together afc one ispot are fewer than is nstial in the 
Cornish steam stamps. In the model before ns we have a 
series of nine stamp heads, six of which form a set for stamp- 
ing over with water (Nasspochsatz), while the other three 
are employed instead of a crusher for pulverizing dry lead 
ores to fit them for the smelter. The lifters are square 
beams of alder wood, the tongues being made of the same 
material ; the stamp heads (poch schiihe) are of wrought iron. 
The ores are suppKed to the wet sets out of a large hopper, 
a separate shoot being provided for every three heads ; it is 
of a semicircular section with a vertical wooden pole attached 
to its lower end, which is struck by a hinder tongue, called 
the knocker, on the back of the lifters of the stamps, Nos. 5 
and 2 in each set of six, these heads are distinguished on 
account of their office as feeders (unterschiirer), the blow of 
the knocker on the upright pole communicates a jolting 
motion to the launder, and brings a fresh supply of ore 
continuously into the stamp box. The discharge of the 
stamped stuff is arranged on the “ flasher ” principle by a 
narrow aperture extending along the front of the set at a 
height of 10 inches above the floor. The water is introduced 
by a semicircular wooden launder, with regulating cocks 
on the front of the cofer, and is not brought in with the ore 
as is the case in Cornwall. The floor on which the wet 
stamp heads work is formed of hard vein stuff closely beaten 
in between a framing of longitudinal wooden bars. The dry 
heads work on a cast-iron anvil supported on upright beams 
placed close together, there is no special arrangement for 
feeding, the ore being usually shovelled in by hand and 
removed in the same manner, a vibrating riddle or sieve 
is usually employed for sizing the grain of the crushed ores. 
The cam shaft is a single piece of oak, it carries an overshot 
water wheel at one end ; the cams are made of alder wood 
shaped to the proper curvature and bedded into mortices 
on the shaft. Each head when new weighs 300 lbs., and is 
lifted three times in the revolution, the height of the lift is 
14 inches for the wet, and 9 inches for the dry heads. The 
lifters are guided on all four sides by transverse bars and 
thin wooden intermediate plates ; the frame pillars dividing 
the sets are placed at intervals of six heads, and not at 
every three or four as is customary in England. The water 
wheel is a plain wooden overshot wheel of the common 
Ctennan pattern, with the arms framed over the axle, but 
having cast-iron buckets of a kind very generally employed 
in the Saxon mines, and not common elsewhere. Each 
bucket is formed of a single thin plate, the outer part forms 
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% straigl^t wall set^at an angle of 76^ to the cdieuinfbEenoe^ 
terminating in a bevelled lip, below which is a carved 
portion forming an arc of nearly 90*^ of a circle of small 
radius ; the inner edge is thickened by the addition of a 
triangular prism, which forms a projection for the support 
of the baclang planks, the sides are imbedded in grooves of 
a corresponding form, cut into the wooden shroudings. 

The usual working speed is from 42 to 45 strokes per 
minute, twelve heads working dry will crush per shift of 
8 hours, — 

3 5 tons of clean* galena. 

2*4 tons of pyrites or pyritic ores. 

1*5 tons of ore containing carbonate of iron. 

The top edge of the discharging board of the wet stamps 
is laid from 9^ to 11^ inches above the floor. Each he^ 
works through about 20 cubic feet of poor ore (about 16 
cwts.) in 24 hours, requiring about 1,200 cubic feet of 
washing water during the same period.* 

No. L. 8. — Stamps used in the Gold Mines of Australia. 

The stamps in this model are cylindrical ; having cast-iron 
heads secured by moulding them on to the forked tail of 
a wrought-iron rod, which forms the lifter ; a small cylinder 
is keyed on to the lifter in place of the ordinary tongue ; the 
cams act on the lower face of the cylinder on one side of 
the upright rod, causing the latter to rotate between its 
guides as it rises, performing nearly one-third of a turn at 
each lift, the object of this arrangement is to equalize the 
wear of the cast-iron head by continually bringing a fresh 
surface in contact with the rock below ; the discharge takes 
place through grates in the common Cornish manner. The 
stuff carried out passes first over a shallow trough contain- 
ing mercury, and next on to a series of inclined tables, 
broken at intervals into low steps which are covered with 
coarse blue serge ; the gold becomes entangled in the fibres 
of the cloth, and is removed by washing the latter from 
time to time in a tub of water. The product is a highly 
auriferous sand, containing magnetic ^ ron ore, &c. which can 
be cleaned either by amSgamation or hand washing. In 
some instances a second mercury trough of large capacity is 
used below the blanket tables. The cams are cast with 
central bosses, which are hollowed out to receive the shaft, 
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which is e plain wrought-iron cylinder, connected )oy spur"’ 
gearing with the shaft of the driving engine. 

The stamps now in general use in the Clunes gold mines 
near Port Philip have heads made of Bessemer steel, weighing 
4J cwt, but the weight of the newest ones is increased to aboTit 
7 cwt., they are united to the lifters by dovetailed wedges 
in a similar manner to that used for the attachment of the 
faces of heavy forge hammers. The discharging grates are 
pierced with 81 holes to the square inch ; the working speed 
is 76 strokes per minute. The amount of stuff stamped per 
head per day in August 1854, at the works of the Port 
Philip and Colonial Gold Mining Company, varied according 
to the hardness of the rock from 34 to 86 cwts., the average 
being 54 cwts. The rock contains about half an ounce of 
gold in the ton, about 30 per cent, of which is lost in dress- 
ing. Of the amount saved, 66 per cent, is collected under 
the stamps, 22 per cent, is intercepted by boxes of mercury, 
and twelve per cent, is retained by the blankets.* 

No. L. 9. — Ironstone Dressing Machinery. 

This is a combination of stamps with a washing apparatus ; 
there are seven heads, arranged in two sets placed one above 
the other, working on a cast-iron floor. The crushed 
material is received in a conical tub, in which revolves a 
vertical shaft with projecting knives resembling the common 
brickmaker’s pug mill. A force pump at the side main- 
tains a continuous current^.of water through the tub. The 
shale and lighter impurities are discharged at the top, 
whilst the cleaned ironstone collects at the bottom, and is 
removed through a hole in front, which is stopped by a 
covering plate when not in use. This arrangement is 
figured in French works on iron smelting under the name 
of Bocard and patouillet. 

SIZING MACHINERY. 

No. L. 1 0.— Saxon Sizing Sieves. 

No. L. 11.-^Saxon Drum Sieve for Stamps Sands. 
No. L. 12. — Slime Separator. 

No. L. 13. — Conical Slime Cleaner. 

This is a division including such arrangements as are 
used for classifying sands according to grain, preparatory 


* Dicker’s Mining Record, yol. iii., p. 166 . 
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*to theii^ treatment in the separating machines i.e., 

those that produce finished ores ; it includes stamps^ catch 
pits, and sifting machines, as well as the newer slime 
classifiers, where a current of water in mechanical saturation 
iamade to deposit the stuff held in suspension either by an 
opposing current, or by sudden alterations in the sectional 
area of the channel. 

No. L. 10.— Sizing Sieves (Batter Maschine) used at 
. Freiberg. 

Scale, -j. 1^ inches to 1 foot. 

This machine is employed for classing the ore into sizes 
after it has passed through the crusher, instead of the drum 
sieve used for the same purpose in England. It has a 
series of rectangular sieves suspended one above another, 
receiving a jerking motion from a rotating cam shaft. The 
sieves are all of the same breadth, but are of dissimilar 
lengths, decreasing from above downwards ; the size of the 
apertures of the meshes of the wire gauze also diminishes in 
the same manner; they are hung parallel to each other 
with a forward slope of eleven degrees from the horizontal 
line. The cams are attached to cast-iron rings encircling a 
vertical wooden shaft, which is turned by a mitre wheel 
near the top, they act upon wrought -iron tongues projecting 
at right angles from a series of wrought- iron bars, attached 
one to each sieve at the hinder qr upper end. These bars, 
which are of considerable length, have their ends supported 
on guide rollers ; other rollers are also employed to prevent 
the sieves from moving laterally. The ore is supplied from 
a large hopper to the higher end of the top sieve ; the 
particles that pass through are received on the second, and 
so on ; those that remain on the gauze are continually 
urged forward by the jolting, until they fall over at the 
lower end into a special compartment of tlie receiving hutch. 
The number of classes produced is one more than the 
number of sieves employed. The model lias four sieves, but 
a larger number, generally six, is preferred in practice. 
The following are the dimensioiw of one employed at 
Thurmhof, near Freiberg. 

Nos. 1 and 2 are each 10 R. Sin. long, the gauxe having apertures of 
0-37 and 0*23 in, 

No. 3, 8 ft. 4 in. long, the gauze having apertures of 0* 18 in. 

No. 4, 8 ft. 0 in. „ „ 0-12 in. 

No. 5,6 ft. 7 in. „ „ „ 0'09in. 

No. 6, 5 ft. 2 in. „ „ „ 0-06 in. 

The breadth of the gauze ia 4 ft. 4 in. in each siere. 
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Fragments too largo to pass Nos. 1 and 2 are ^tutned* 
by a raff wheel to the crusher ; those from the remaining 
ones are treated apart on jigging macliines of different 
fineness. The fine stuff passing through No. 6 is fit for 
washing on the flat tables described at p. 146. The saiue 
machine is also employed for cleaning the dirt from small 
mine ores (grubenklein), to fit them for hand picking. In 
this case a small quantity of water is passed through with 
the ore.* 

No. L. 11. — Sizing Drum (Separations Trommel). 

Scale, -J-. 1^ inches to 1 foot. 

This is a plain drum covered with wire gauze of different 
finenesses, placed horizontally, and receiving a slow motion 
about its axis by means of a driving strap on the stamp shaft. 
The sands from the stamps are introduced through a 
launder on the left-hand side, and passed slowly along by a 
spiral plate extending along the whole length of the drum 
to the other end, where the particles which are too large to 
pass through the gauze are discharged through a rectangular 
opening of about one foot in surface. The drum is 5^ feet 
long and 49^ inches in diameter ; the gauze is divided into 
three unequal parts, whose relation to each other is as 
2:2:1. The first division has 150 holes to the square inch, 
the second 75, and the third 30. The surface is kept clean 
from adhering particles by a series of small jets of water 
dripping from a launder placed above. The sands are 
conveyed by plain launders to the collecting pits, the larger 
particles kept back going with the coarsest division separated 
by the gauze. The sieve makes seven revolutions per 
minute. 

No. L. 1 2 . Slime Separator. 

Scale, T^th. 1 inch to 1 foot. 

Nos. L. 12, 13, 20, 21, and 29 are combined in the model 
presented by Mr. Whitton Arundel. 

This is a modification of the apparatus called the Spitz- 
kasten, or pointed slime pit, originally introduced by Rit- 
tinger in 1844, in whic;^ a classification is effected by the 
interposition of large pyramidal boxes or square funnels in 
the course of the shallow launder conveying the stuff from 
the stamps. The heaviest matters are deposited in th^ first 
box, whilst the lighter parts remain in suspension, passing 
on to a second box of the same kind, whose sides slope at 


* Bevue Universel, yol. iii, p. 252. 
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a different angle, which removes a fresh portion of the stuff 
kept ^back, being discharged through a small# channel at 
the bottom. In the model the slime is passed through a 
drum sieve covered with perforated copper plate, into a 
launder about 10 feet long and 13 inches broad, at the 
•upper end of which it encounters a parallel stream of clear 
water, introduced through a vertical pipe provided with 
a regulating valve. The separating funnels are four in 
number, placed one behind the other ; they vary in length 
and in the slope of the sides, but are all of the same breadth 
and depth. No. l,^the uppermost, is 5 inches, No. 2, 
8 inches, and No. 3, 11 inches, and No. 4, 15 inches in 
length at the top, the depth being 12 inches, and the 
breadth 13 inches. Discharging pipes are inserted at the 
apices of the funnels, leading off the separated materials to 
a series of rotatory buddies, where they undergo a final 
cleaning. The higher divisions. Nos. 1 and 2, supply 
buddies with concave tables, whilst the finer stuff from 
Nos. 3 and 4 is treated on convex ones. The fine stuff 
which remains in suspension after passing the fourth funnel 
is discharged through the waste pipe at the lower end of 
the trough. 

No. L. 13. Conical Slime Sepaeator Presented by 
Mr. W. Arundel. 

Scale, T^th. 1 inch to 1 foot. 

This machine consists of w conical plug supported by a 
foot spindle at its apex, surrounded by a cast-iron case of a 
similar form, but of somewhat larger dimensions, the in- 
termediate space forming a narrow funnel-shaped passage 
for an upward current of water, which is introduced through 
two branches from a pressure pipe ; the top of the plug is 
an upright cone somewhat more obtuse than the lower one ; 
it acts as a spreader for the slime which is introduced above 
it, and is provided with a loose lid whose position can be 
regulated by setting screws. When at work the downward 
current is regulated in such a manner that the bulk of the 
earthy material is stopped and immediately removed by the 
upward flow of the clean water, *while the heavier particles 
fall through and are discharged at the bottom of the lower 
funnel. A machine differing very slightly from the above 
was introduced in the lead mines of the Nortn ot England 
in 1859 by Mr. Borlase.* 


♦ Ure’B Dictionary, vol. iii., p. 333, 
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r SEPARATING MACHINES. 

' Under this head may be included all the contrivances 
giving merchantable ores or highly concentrated substances 
as finished products. They are divisible into classes ac-» 
cording to their method of operation, as follows : — 

1. Machines in which the ore is washed by a simple flow 

of water, the ore collecting in a deep box or pit ; 
this includes the various classes of buddies and cases 
used in tin dressing and the trunking apparatus 
No. L. 15. 

2. Machines in which the ore is washed on an inclined 

surface in a thin layer by a stream of water, and 
removed by the same agent. This includes the so 
called sleeping or flat tables and the round frames. 

3. Machines in which the action of water is combined 

with constant or intermittent vibratory motion, as 
in the various forms of jigging machines, the shaking 
table and the dolly tub. 

No. L. 14.— Hunt’s Mineral Washing Case. Presented 
BY Mr. John Hunt. 

Scale, TT^h. of an inch to 1 foot. 

This machine was employed in washing the waste heaps 
from the old workings at the mine of Pont-p^an, near 
Rennes, in Brittany. The ore to be dressed is mixed with 
water in a shallow trough at the upper end, and is con- 
stantly swept with brooms on to copper plates perforated 
with conical holes ~ of an inch in diameter at the upper 
surface, increasing to Vir of an inch below ; the stuff that 
passes through is conveyed by two narrow channels into a 
trunk or chest 9^ feet long, 44 feet wide, and 2 feet deep, 
the floor having an inclination of 8®, being first diffused 
evenly in a thin sheet by means of heading boards 
furnished with distributing studs. The best ore is found at 
the head of the trunk, the deposit diminishing in value 
downwards. The speed with which the material descends 
can be varied by fixing tijfc point of discharge for the tail 
water at a higlier or lower level, a series of holes placed one 
above another being prvoided for this purpose in the bottom 
board of the trunk ; those not in use are stopped with 
conical plugs. The surface of the deposit requires to be 
kept even towards the lower end ; this service is performed 
by a child with a broom, sitting on a cross plank, who also 
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superintends the dischaa*ge of the tail water, by shifting 
the ^ngs when necessary. • 

The stuff remaining behind on the perforated plate at 
the top is fit for treatment by the jigging machine. 

No. L. 15. — Slime Trunking Machine. Presented by 
Mr. M. Attwood. 

Scale, tV- 1 iiich to 1 foot. 

This arrangement was introduced by the inventor in the 
lead mines at Alston Moor, Northumberland, in the year 
1849, it consists of three similar machines, placed side by , 
side, each having a rectangular chest or trunk, in which 
the separation takes place by subsidence, combined with a 
mixing apparatus for effecting a thorough incorporation of 
the slimes with the washing water. The stuff to be 
dressed is first thrown into a chest at the upper end, where 
it receives a supply of clean water through two holes in the 
front wall. The tougher part of the slime is then sub- 
jected to the action of a wheel with projecting knives, 
which cuts it through, and passes it to a breaking wheel, 
with four plain blades, extending over the whole breadth 
of the chest ; this wheel agitates the water charged with 
ore, after the manner of a shovel; the properly incorporated 
material passes through a curved plate, perforated with 
holes, the coarse particles, chiefly chips and dirt, remaining 
on the plate are continually swept off by a rotating bar, 
carrying besoms, into a launder of a V^-shaped section, which 
is cleaned out from time to time. The stuff passing through 
the grating is received on a sleeping table or plain inclined 
board, where it meets a stream of clean water, and after 
undergoing a further incorporation by a second paddle 
wheel, falls into the trunk, which is rectangular, 28 inches 
broad, 1 5 inches deep, and 7 feet 4 inches long. The floor 
has a forward inclination of about 2°, the usual provision 
being made for altering the depth of the tail water by a 
series of holes at different heights in the bottom board. 
The heads of the deposit in the trunks, are treated in the 
dolly tub adjoining. This is a plain wooden tub, in which 
a certain quantity of ore is agitated with water by a 
revolving paddle, attached to a vertical shaft, while at the 
same time a series of blows are struck on the outside by a 
vibrating bar or knocker ; by this treatment the ore is 
packed into layers of, different densities, the best ores de- 
positing at the bottom in a sufficiently pure condition to 
be sold. The top skimmings give waste material, and the 
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middle part is reserved for further treatment. The tub is 
mounted up6n wheels, aud runs on a railway for the^con- 
venience of manipulation. The rotating paddle is attached 
to a horizontal cross bar, moving between parallel iron 
guides, so that it can be lifted out of the tub, when the 
latter is ready for removal. The whole of the moving 
mechanism is turned by a small overshot water wheel, the 
trunking paddles being driven by spur gearing and the 
dollying apparatus by straps. The knocker is driven against 
the tub by a wheel with projecting cogs, and is brought 
back by a spring to its former positioik 


No. L. 16. — Saxon Slime Washing Table 
(Einkehrheerd). 

Scale, 1 inch to 1 foot * 

This is an old machine of the class known as sleeping 
tables or frames. It is employed for the treatment of very 
finely divided ores, such as the hutch work or tub ore 
passing through the perforations of the jigging sieves. In 
the treatment of poor slimes of extreme fineness it has, 
however, been replaced to a considerable extent by the 
rotatory buddle. The material to be treated is introduced 
into the slime box, where it is reduced by the addition of 
clean water to the consistency of a very fluid mud, and 
after passing through a fine sieve, which keeps back any 
chips, leaves, or other extmneons matter, it is received 
on a head board provided with distributing buttons or 
studs, by which it is delivered in a thin uniform stream 
on to the table. The latter is a rectangular wooden 
platform, 14| feet long and 3| feet broad, with a slight 
forward inclination. The surface is made of hard wood 
planks, brought up to a perfectly true surface, and then 
slightly roughened by the action of strong sulphuric 
acid. The flow of the slime is continued until a layer 
of about an eighth of an inch in thickness is formed over 
about three-quarters of the surface ; the supply is then 
stopped off, and the deposit is subjected to the cleansing 
action of a gentle current of water, which removes the 
lighter parts of the earthy impurities, and carries them 
over the end of the table into the tail-waste launder below. 


* Erom a description accompanying drawings published by the Academ^r of 
Ereiberg ; also in the Bevue Universe!, vol. iv., p. 287. 
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As^BOon as the washing is complete, which is recognized by 
the darkening of the colour of the deposit,* it is classified 
into three parts, which are removed from the table into 
different divisions of the ore box below. A small moveable 
launder, resting on a stirrup below the frame, is employed 
to bridge over the intermediate space, and leads the dif- 
ferent products into one or other of the divisions according 
to its position. The lowest division is considered as waste, 
and is swept off by brooms of pine branches, or brushes 
made of hogs* bristles, into the inner or nearest division of 
the tail box. The*middle portion, consisting chiefly of iron 
pyrites mixed with some uncleaned slime, is sent into the 
front box, passing first through a sieve ; the uppermost 
division, occupying from one-third to one-fourth of the 
whole length, is good ore, and is passed, by reversing the 
tail bridge, into an ore box or unterfass below the table. 
The removal is aided by a stream of water, the strength of 
which is increased towards the end of tlie operation, in order 
to clean the surface in readiness for the next charge. The 
entire process lasts about 20 minutes. The working of four 
tables can be superintended by a boy of 13 or 14 years of 
age. The lower end of the table is supported on a trestle, 
provided with adjusting wedges for varying the inclination 
according to the nature of the ore. The yield of the cleaned 
ore varies with the nature of the substances treated. The 
best is obtained from the hutchwork of the finer jigging 
sieves, it contains from GO to 70 per cent, of lead and from 
70 to 80 ounces of silver ^er ton. This is known as best 
glance. The fine slimes produced in the treatment of the 
small mine ores (gruben klein) yield, after a second washing, 
an ore containing only from 15 to 20 per cent, of lead, and 
18 to 20 ounces of silver per ton. 


ROUND BUDDLES AND FRAMES. 

No. L. 17. — Cornish Round Buddle. 

No. L. 18. — Zenner*s Rotatory Buddle. 

No. L. 19.— Saxon Rotatory Buddle. 

Nos. L. 20, 21. — Concave and Convex Rotatory 
Buddles (with Metal Tables, Mr. Whitton Arun- 
del’s). 

No. L. 22 . — Rittinger’s Rotatory Concave Frame, 
(Drehheerd.) 
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The round \iuddle which was first used in the lead mi^es 
of Cardiganshire, has of late years been extensively in- 
troduced into other mining districts, both in the United 
Kingdom and on the continent of Europe, as a means of 
dressing finely divided ores of a low per-centage ; it has at 
the same time undergone several modifications, more es- 
pecially in the Harz, Rhenish Prussia, and Hungary, which 
may be classed under the following heads, with examples of 
each kind : — 

I. Round buddies witli fixed floors. 

а. Outward flow or convex buddle, Cornish round 

buddle. 

б. Inward flow, concave or funnel buddle, Bor- 

lase’s or Hunt’s buddle. 

II. Round buddies with rotating floors or rotatory 

buddies, more properly termed frames. 

c. Rotatory convex buddle. Schells or Zenner's 

buddle. 

d. Rotatory concave buddle. Rittinger’s rotatory 

frames.* 

Each of the above classes is represented by a model, with 
the exception of No. I. h. 

The principle of action is the same for all of the above- 
named forms ; the metalliferous slime, which is brought to 
a very thin mud by the addition of a large quantity of 
water, flows over the surface* of the conical platform or 
table, w’here it deposits the matters held in suspension, in 
order, according to their specific gravity, the heaviest sub- 
siding first. An advantage is claimed for the concave 
forms in which the stream fiows from the outer to the inner 
circumference of the table ; the scouring power of the water 
is increased as it descends, owing to the contraction of the 
surface over which it passes, so that the lighter earthy 
matters are said to be more completely removed than is the 
case in the earlier or convex forms of construction. Tlie 
first-class or fixed round buddies are intermittent in action, 
tlie ore accumulates on the table and requires manual labour 
for its removal ; in the secofld or rotatory class the finished 
])roduct is removed continuously either by brushes or by 
the action of a stream of water. 


* Notices of the whole of the different forms of round and rotatory baddies, 
together with reference to other publications on the subject, are to be found in 
a paper by Von Bauen, in Rittinger’s Erfahrungen for 1861, p. 22. 



No. L. 17 . — Round BuDDLa 

J 

Scale, 2 inches to 1 foot 

Presented by the late John Taylor, Esq., F.RS. 

This model represents a round huddle wliich formerly 
was employed in dressing poor copper ores or “ lialvans 
at the Ty warnhaile mines, in Cornwall, and was exhibited 
at the Qfeat Exhibition in 185 1. The separation is effected 
on a conical wooden floor, with a smooth surface about 
18 feet in diameter. The apex of the floor carries a smaller 
and more acute cone, which serves both as a distributor and 
as the bearing for the foot of a vertical spindle, with two 
projecting horizontal arms, carrying brushes extending over 
the entire diameter of the floor. The stuff to be dressed is 
worked up to the proper consistency with water by a tor- 
menter, or cylinder with projecting iron knives, which re- 
volves in a chest at the upper end (right hand) ; it is 
attached to an inclined shaft which also moves a drum 
sieve for sizing the mixed slime, and turns the brushes by 
a bevil wheel at its lower end. The sieve has eight holes 
to the linear inch ; the coarse particles and chips kept back 
by it are discharged through an inclined channel and ver- 
tical shoot on to the outer edge of the wooden platform 
below. The sized slime passes by another inclined launder 
into a narrow conical funnel surrounding the shaft carry- 
ing the brushes, fi*om which it flows over the central 
spreading cone on to the inclined floor, depositing in its 
course the various substances held in suspension, the heaviest 
being precipitated first are found nearest to the top, while 
the lightest settle down nearer to the outer circumference. 
The revolving brushes keep the surface constantly swept 
smooth, especially preventing the formation of gutters or 
ridges in the case of any irregularity in the distribution of 
the supply ; they are attached to the arms by cords passing 
over pullies, with counterbalance weights to allow of their 
inclination being varied to accommodate them to the dimi- 
nished slope of the surface as the stuff accumulates. The 
tail-water is discharged through a sluice board, pierced 
with several holes in different^heights, all of which, except 
the one in use, are stopped with wooden plugs, the higher 
ones being required as the thickness of the deposit on the 
floor increases. As soon as a depth of about six inches has 
accumulated, the supply is stopped and the deposit is re- 
moved. The arms make from two and a half to four revolu- 
tions per minute, and one and a half to two tons of stuff 
are treated per hour. About three-quarters of the solid con- 
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tents of the slime are deposited, the !q)per half of the liQ^er 
is washed agaii, the remainder is thrown away ; ultimately 
the finished ore is concentrated to about one twentieth 
part of the volume of original material. 

In the dressing of tin ores the round huddle is employed 
for treating the middle division of the sands deposited in 
the first pit or ‘‘ strip in front of the stamps. The pro- 
ducts are three in number, of which No. 1, or the* head, is 
passed on to the higher classifying machinery ; No. 2 is the 
middle, washed a second time; and No. 3, the tail, is sent 
to the long strip or pit for treatment with products of a 
lower class. Thus sands containing 10®/^ of tin yield 
heads of 18‘5 ®/o ; middles of 2 Yo > of ^ to 1 Yo* 

Kotating Bubbles or Frames. 

Schell's, No. L. 18. Saxon, No. L. 19. Rhenish 
Convex and Concave. Mr. Arundel's, No. L. 20, 21. 

.All on the scale of ^ iRch to 1 foot. 

This machine was invented in the lead mines of the 
Upper Harz by Mr. Schell of Clausthal, in 1854, and was 
subsequently patented in England by Mr. Zenner, of New- 
castle-upon-Tyne ; it is represented nearly in its original 
form in the model. No. L. 18, presented by Mr. Zenner. 
The washing of the ore is effected on a conical wooden 
platform similar to that of the round buddle, but which is 
attached to a vertical shaft, and, receives a rotatory motion 
from any appropriate mover, usually a small water wheel, 
by a screw gearing into a large worm wheel. In the first 
instance the slime is worked up in a box by an agitating 
wheel with eight beating arms ; a coarse grating keeps 
back the larger particles, and the stuff is rendered 
more uniform in texture by passing through a grate with 
smaller holes before it enters the launder which conveys it 
to the machine. The distributor is a ring-shaped launder 
or trough of sheet iron of a V-shaped section, perforated 
with numerous fine holes at the bottom, one-fourth part of 
it is divided off for the slimes, through the remaining three- 
quarters jets of clean water are continually supplied to the 
table. A curved launder, perforated in a similar manner 
and covering a segment of about one-third of the table, 
furnishes a further supply of water, which impinges on the 
surface in small jets, at points vaiying in heiglit from about 


* Holiuienet, Ann. det Afines, 5 ser,, vol. idv. 
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one-^^iird of the distwoe from the apex nearly down to 
the extreme edge. A fixed brush covers the fiuter part of 
the table extending upwards for a short distance ; it is 
attached by a wooden bar to the pillar which carries the 
bearings of the driving shaft. The various substances in 
suspension reach the edge of the table at different times 
according to their densities, the lightest arriving first ; the 
heavier ores are less affected by the wash of the water, there- 
fore they require a longer continued action and move much 
slower, only reaching the edge after the table has turned 
through a consideraWe arc, while the best ore adheres so 
firmly as to require a special set of brushes for its removal. 
A ring launder, placed immediately below the outer cir- 
cumference, receives all the stuff washed over, it is divided 
into partitions of unequal size, each having its own dis- 
charge pipe ; the first and largest takes the waste, the 
second the pyritic part, while the third and smallest is 
reserved for the clean ore. The brushes by which the latter 
is removed are made of hogs* bristles ; they are attached to 
a wooden bar supported on a guide at one end, while the 
other receives a backward and forward motion from an 
eccentric which is driven by an intermediate strap and 
pulley on the main shaft. A series of experiments was 
made at Clausthal in the year 1854 to determine the 
relative values of the rotatory huddle and the shaking table. 
Two quantities, each weighing 15^ tons, of fine slimes from 
the stamps, containing a small amount of argentiferous 
galena were treated, one oh either machine, with the 
following results : — 

1. By the rotatory huddle 15^ tons were concentrated, 

to 33^ cwt. in 86 hours ; the enriched ore contained 
61 ®/q of lead and 28 oz. of silver per ton. 

2. By the shaking frame the same quantity required 609 

hours to reduce it to 38^ cwts., with 52^/^, of lead, 
and 25 oz. of silver per ton. 

The saving of lead appears to be about per cent, more 
by the first than the second method, the work being done 
by the former in one-seventh part of the time required by 
the latter. • 

No. L. 19 is a model of Schell’s huddle slightly modified, 
which was erected at the mine of Himmelsfiirst, near Brand 
in Saxony, in the year 1855 ; no distributing apparatus is 
employed, the slimes being laid on to the table at one point 
only; the top ring launder for the washing water only 
extends for two-thirds of the distance round the shaft. The 
water issues through perforations in the side, and passes 
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over a spreading cone before reaching the table. ^ The 
curved laubder in Mr. Zenner's model is replaced by a 
curved tube similarly perforated, and two other perforated 
tubes projecting radially, enclosing a segment of about 36® 
of the surface of the table between them, are employed in 
addition to the reciprocating brushes for removing the 
cleaned ore. The tail ring, which is not a complete circle, is 
without divisions, the separation of the materials falling 
into it is effected by stopping the bottom in opposite di- 
rections, forming two streams, each of which flow towards 
its own discharging aperture at the end, and passes into a 
box or pit placed for its reception. A small overshot wheel 
about 6 feet in diameter drives the machine by a screw 
gearing similar to that already described. 

A later modification of the rotating huddle is shown in 
Mr. Arundel's model, No. L. 20; it has the conical table made 
of cast iron, the slimes are laid on at one part only. The 
washing water is supplied through a perforated ring con- 
nected at several points with the main supply by short 
union pipes fitted with cocks ; by opening or shutting the 
latter the force of the jets may be varied at different parts 
of the table. The spiral launders and brushes are replaced 
by perforated tubes, which are attached to the ring by 
spherical joints to be used for sweeping off the last adhered 
particles. The tail launder is divided into three parts, the 
largest includes about 240® of the circumference, the second 
90®, and the third, in which |he ore is collected, only about 
30®, each is furnished with its own discharge pipe and catch 
pit. Two tables of the same construction are shown, 
each working with a special fineness of material from 
the separator. 

The same model, No. L. 21, contains two examples of the 
concave or inward flow rotatory huddle, also known as the 
funnel frame (Trichterheerd). This variety was first intro- 
duced in Rhenish Prussia in the year 1861, and is said to 
be based upon Rittingcr’s machine, which is described at 
p. 153, but lias little in common with it except the shajie 
of the table. As originally constructed, the slimes were 
introduced through ^ths ofibhe circumference of a distributing 
ring, but in the models before us the feeding takes place at 
one point only. With the exception that theiflow of slime 
and water is from the outer to the inner circumference of 
the funnel-shaped table, the method of washing is exactly 
similar to that of the rotatory buddies last described. The 
details of the washing pipes and driving mechanism are the 
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same in both oases. The funnel tables are supplied with 
coarser grained slimes than the conical ones. • 

By experiments made at Kalk, near Cologne, it was found 
that a funnel table of G feet in diameter, moving with a cir- 
cumferential velocity of from 30 to 60 feet per minute, equal 
to from 100 to 200 revolutions per hour, will work up from 
GO to 100 cubic feet of prepared slimes, probably from four to 
six tons, according to their toughness, in a day of twelve 
hours. The consumption of washing water is from 30 to 
50 gallons per minute. One man can superintend the 
working of six tables# A perfect separation may be effected 
by this machine when only one heavy mineral is present in 
the ore mixed with earthy matters ; but the result is only a 
preparatory classification when the ore contains two or 
more heavy substances, as for example, blende and galena, 
which cannot be separated from each other at one washing. 

No. L. 22. — Kittinger’s Concave Rotatory Frame. 
Stetigwirkender Drehheerd. Presented by 
Ministerialrath Rittinger. 

Scale, Vt> 1 i^ch to 1 foot. 

This machine was introduced at Schemnitz, in the year 
1860, for dressing poor slimes containing gold and silver in 
combination with galena and iron pyrites, as an experiment, 
instead of the shaking tables in general use at that time. 
After undergoing several modifications, the pattern repre- 
sented in the model was finally adopted. The frame is an 
obtuse wooden funnel about 16 feet in diameter, attached 
by 16 arms radiating from a cast-iron seating ring of 5 feet 
in diameter to a vertical wooden shaft, which is slowly 
turned from left to right by a screw gearing in the ordinary 
manner. The surface of the frame is divided by strips of wood 
three-quarters of an inch high into 32 segments. Eleven 
distributing tables, or heading boards, occupying an arc 
of about 320®, are fixed above it, sloping in the opposite 
direction, so as to discharge their contents on to it close 
to the outer circumference of the funnel. Eight out of the 
above eleven distributors are similar in size; the three 
hinder ones are smaller, having their outer edges, over 
which the water falls, cut back into a series of steps. The 
orey mud to be dressed is mixed up with water by a rota- 
ing paddle in a box at the left hand side, from which it 
is passed into a spiral launder of rectangular section fixed 
above the heading boards ; the water for washing is brought 
in by a parallel launder of larger sectional area at the back» 
10434. L 
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The slimes are supplied to the frame over the hewing 
board, Nos. 1., III., V., and VII., while the alternate ones. 
Nos. II., IV., VI., and VIII., as well as the shorter ones, Nos. 
IX,, X., and XL, are reserved for the washing water. The 
action of the machine is as follows : — As the frame revolves 
it receives a layer of ore from the first board, this coating 
is washed by the water coming from the second board ; the 
earthy materials are carried off by the stream, the heavier 
ones remain on the table ; this segment receives a fresh 
supply of raw material from No. IIL, which is washed by 
the water from No. IV., and so on tilMlie original segment 
has passed No. VIII., when a concentrated schlich of galena 
and pyritic substances remains. The latter are cleansed 
out by the water coming from the three hinder boards, 
the streams from which strike the frames with an increased 
force from each step, owing to the greater fall obtained 
by cutting back the edge; the cleaned lead ore remains 
in four concentric rings or layers near the outer margin. 
Each of the 32 segments of the frame is terminated by a 
square wrought-iron shoot, through which the substances 
removed by the water are passed into two parallel ring 
launders below. The slime waste from the feeding boards 
is immediately discharged into the outer ring, which is 
directly below the shoots. The drainings from the table 
during the washing periods are diverted by tail boards into 
the inner ring, and led off into particular receptacles if it 
is considered necessary to save them for further treatment. 
The pyritic stuff also passes'^ to the inner ring, while the 
clean ore is removed into a special compartment of the outer 
one, by a jet of water which issues from a vertical pipe on 
the right hand side of the machine. Each of the divisions 
of the lower rings is provided with a special channel lead- 
ing to a receiving box, which is not shown in the model. 

A long continued series of experiments was made at 
Schemnitz in order to determine the most favourable con- 
ditions of working, as well as the loss of metal by this 
machine. The best results were obtained when the velocity 
of rotation did not exceed six revolutions per hour, at which 
speed a quantity of finely divided ore from the stamps 
containing 7*2 per cent, of lead, weighing 10,234 lbs., was 
cleaned up in 158 hours, the stuff being mixed with water 
in the proportion of 1’4 lbs., of solid matter to the cubic foot, 
this slime is supplied at the rate of two-thirds of a cubic 
foot per minute. The above quantity was reduced to an 
enriched schlich weighing 1,728 lbs., yielding 35*3 per cent. 

lead by assay, or a saving of 629 lbs. out of the original 
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conteiijis of 738 Iba, equal to 86*5 per cent., dii^ributed aa 
follows : — 


1 . Concentrated ore 1 7 • 4 

7o 0^ original quantity with 85*5 

7oOf original 

llilUUiLlllt \jX 

2. Fjritic sand - 5*2 

>» 

99 

1*7 

99 

3. Waste in dressing 37 * 3 

*9 

99 

2*5 

99 

4. Tail slimes • 40*2 

99 

99 

10*3 

99 

100 



100 



In practice it is found better to neglect all the above pro- 
ducts except the first, the loss will therefore stand at 14*5 
per cent., or about 5 per cent, less than that of the shaking 
table. Twenty frames can be driven by an engine of one- 
horse power, and the amount of finished material pro- 
duced in a given time is twice as large as that obtained by 
the use of the shaking table.* 

JIGGING MACHINES. 

Nos. L. 23, 24. — Hand Sieves. 

No. L. 25. — Hand Jigging Machine. 

No. L. 26.— Hutching Machine. 

No. L. 27. — Cornish Power Jigging Sieves. 

Nos. L. 28, 29. — Hydraulic Jigging Machines. 

Nos. L. 30, 31, 32. — Berard's Coal Dressing Machine. 

No. L. 33. — Mackworth’s C^al Dressing Machine. 

No. L. 34. — Kittinger’s Continuous Jigging Frame. 

The process of jigging or hutching (criblage or setzarbeit) 
is chiefly employed in the dressing of minerals in fragments 
of a comparatively large grain, such as those obtained from 
the crushing machine. The charge of ore is placed in a 
sieve or frame with a bottom of wire gauze, or a perforated 
metal plate, and receives a series of small lifts or jerks in 
rapid succession from a column of water forced through the 
perforations, by which the specifically lighter earthly frag- 
ments are gradually brought to the top, while the clean ore 
is found immediately above the plate. In coal dressing ma- 
chines the valuable portion, however, is the uppermost or 
lighter part. The jigging motion can be produced either by 
shaking the sieve in a cistern of water hy hand or machine 
power, or by driving the water through the holes in a fixed 
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sieve by forcing or lifting The process is g^erally 

an intemSttent one, the siev^ being usually charged and 
cleared bjr hand ; it has, how4»,yer^ been made continuous 
by the addition of feeding and discharging apparatus, in 
Kittinger's jigging frame and certain classes of coal-dressing 
machines. ' 

Nos. L. 23, 24. — Hand kSieves. 

These are the common Cornish hand sieves, used for tin 
dressing. No. L. 23 has a bottom of iron wire gauze with 
holes of I" square, it is 18" in diameter\and 5" deep. 
No. L. 24 is 18|" in diameter and 5^" deep ; tK^ bottom is a 
copper plate perforated with holes dialr^eter and 

tV" apart ; the frame is made of thick oak staveh^. bound 
together with two iron hoops. v 

No. L. 25.— Hand Lever Jigging Machine. 

Scale, -rV, or 1 inch to 1 foot. 

This is a double lever jigging machine, or brake sieve, 
of the kind usually employed in Cornwall ; the sieve is 
rectangular, having a pair of vertical iron bars attached 
one to each of the short sides; these bars are perforated 
at their upper ends with three long holes, through which a 
pair of bolts are passed linking them to the two parallel 
arms of an oscillating frame. By altering the holes through 
which the suspension bolts pass the sieve is made to hang 
at a greater or less depth in the rectangular water cistern or 
hutch in which it is worked. The suspension frame is an 
unequal armed lever, the sieve is attached to the shorter 
side, while the longer arm is terminated by a slotted part, 
in which works a T-headed fixed link or connecting rod 
attached to the shorter arm of a second lever placed below 
it. The motive power is supplied by a boy, who jerks the 
longer arm of the second lever, moving it through a height 
of 48 inches, while the sieve is only moved through eight 
inches. Clean water is introduced through a square pipe 
on the left hand side of the cistern to replace the muddy 
waste which is carried off through a similar pipe fitted with 
discharging apertures at different depths on the opposite 
side. The sieve is emptied by scraping out the contents 
with an iron scraper or limp ; they are usually classified 
into three parts, the uppermost being thrown away; the 
middle, containing mixed ore with earthy matter, requires a 
fiiid)her treatment, while the bottom is clean ore fit for sale. 
The hutch work or fine stuff passing through the sieve col- 
lects in the cistern, and is subsequently treated on the round 
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I buddle or some other slime- washing machine. The neve is 
57" Idhg and 24" broad, and 10" deep, the Imtch mea- 
suring 90" in length, 43" long, and 45" deep. The power 
arm of the jigging frame is four times as long as that to 
which the sieve is attached, while the relation of the same 
parts in the second lever is as to 1 . 

No. L. 26. — Hetherikgton’s Hutching Machine. Pre- 
sented BY W. B. Beaumont, Esq., M.P. 

Scale, -iV* 1 inch to 1 foot. 

• 

In this machine, the sieve is suspended to a pair of hori- 
zontal levers carrying counterbalance weights on the oppo- 
site arms ; the sides to which the suspension bars are affixed 
are prolonged in front, forming tongues, wliich are acted on 
by a pair of wheels, each having fourteen cylindrical cogs 
projecting on one side. Each of the cogs in passing, presses 
on the tail of the lever opposed to it, thereby sinking the 
sieve in the hutch ; as soon, however, as the pressure is 
taken off, the counterbalance on the outer arm lifts the sieve 
back again, thereby bringing the tongue in contact with the 
next highest cog, ready for the following stroke. The sieve 
can be thrown out of gear by sliding the axis of the levers 
sideways in its bearings, whereby the tongues are disen- 
gaged from the cogs, and then it is immediately brought up 
to the level of the top of the hutch by the counterbalance 
weights. The suspension bars are provided with several 
holes for varying the depth at which the sieve hangs. The 
length of stroke can also be altered within small limits by a 
similar series of holes in the levers. The sieve is a plain 
riddle of parallel bars, strengthened at intervals by cross 
bars. 


No. L. 27. — CoENiSH Machine Jigging Sieves. 

Scale, Vt- i 

These sieves are similar to that of the hand lever machine, 
and are attached to frames of the same character, they re- 
ceive a jigging motion by means of a pair of rods connect- 
ing the ends of the longer arms 6f the frames to a small 
double crank shaft, carrying a pinion which gears into a 
toothed ring on the circumference of the water wheel 
Each sieve has its suspension bars united together by a cross 
head, and is attached by a flat linked chain to an arch headed 
lever, by which it is lifbed out of gear for filling or clearing. 
The sieves are confined to a vertical motion by a pair of 
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projecting ^ins working between parallel guides, aljfcached 
to the top of the hutches ; these pins and their guides also 
serve as a means of supporting to the sieves when they are 
disconnected from the suspension bars. 

No. L, 28, 29.-- Hydraulic Jigging Machine (Hydrau- 

LISCHE SETZ SLEB). 

Scale, I, miles to 1 foot. 

The plan of using a force pump for driving water through 
the holes of the jigging sieve, instead of employing move- 
able sieves, was introduced in Cornwall by Mr. Petherick, 
in the year 1831, and has of late years been extensively 
applied in foreign mines. The same principle receives 
another important application in the machines employed 
for cleaning small coal from earthy and other impurities. 
The model repi'esents the machine now in general use 
for dressing argentiferous lead ore in the Saxon mines ; 
it is composed of a rectangular wooden case or hutch, 
divided into two parts of equal size, in one of which is 
fixed a perforated zinc plate with apertures about one-eighth 
of an inch in diameter, on which the ore is placed, the 
separation of the different minerals being effected by rapidly 
alternating jets of water forced through it by a solid 
piston working in the other division. The aperture in 
the side wall dividing the two compartments is provided 
with a sliding door for regulating the current, which is shut 
down during the process cf filling or clearing the sieve. 
The hutch work collects in the bottom of the jigging hutch, 
and is removed in the usual way. The piston is a square 
box somewhat smaller than the cistern in which it works, 
attached by a wrought -iron rod to a wooden lever ; it is 
lifted by a rotating cam shaft, and falls again by the action 
of a loaded box affixed to the outer arm of the lever. The 
sieves are 27 inches square; the piston is of the same 
size, and makes a stroke of 3 inches in length. The 
machines generally employed at Freiberg have two sieves, 
placed one on each side of the piston ; one man superin- 
tends the working, usually clearing and refilling one side 
while the charge on the* other side is in process of separa- 
tion.* 

The material subjected to the jigging process is the rough 
ore broken down by the crusher and sized in the sizing 
sieves ; it contains from 9 to 10 of lead, being a mixture 


♦ Beyue Universel, vols. iii. and iv. 
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of gptlena and precious silver ores, with more or less of 
blende, copper and iron pyrites, besides earfby minerals. 
According to the prevalence of one or other of the above- 
named sulphurets, the ore is sorted into three classes : No. 1 
containing chiefly blende ; ’No. 2, iron pyrites, and No. 8, 
copper pyrites. Only the three coarsest sizes from the 
upper sorting sieves are treated in the hydraulic machine, 
the finer numbers being reserved for the moveable sieves. 
A charge of the coarsest grained ore of the No. 1 or blende 
class is dressed clean with 120 or 1 30 strokes of the piston, 
yielding the following products : — 

1. Earthy matters, waste. 

2. Poor ore for the wet stamps. 

3. Blende fit for zinc smelting. 

4. Seconds lead ore, containing galena, blende, iron, 
arsenical and copper pyrites ; it is crushed or stamped dry 
and then delivered to the smelting works; it contains from 
15 to 207^ of lead. 

5. Galena in coarse fragments, containing from 60 to 
65 0/0 of lead and silver; requiring to be crushed before 
delivery to the smelter. 

6. Hutch work or tub ore (fass erz), which is washed on 
the fixed slime dressing table. 

The products from the other kinds of ore are of a similar 
character, with the addition of a class of copper ore. 

An improved. hydraulic jigging machine is represented in 
Mr. Arunders model, No, L. 29; the hutch is a cast-iron syphon 
or U t^be of rectangular sdbtion, the sieve being fixed in 
the upper part of one limb, while the other contains the 
piston, which is a hollow iron box, carrying a projecting 
tubular socket. A toothed eccentric fixed to a horizontal 
shaft, which receives a rotatory motion by a strap and 
pulley, turns within a loop or stirrup attached to the upper 
part of a loaded box. The latter has a rod fixed to its 
lower side, fitting loosely into the socket on the piston. 
When the support of the cam is taken off the stirrup, the 
weight box falls and drives the piston down in its chamber, 
forcing the water through the sieve on the opposite side; 
as the shaft turns the loaded box is lifted by the eccentric, 
and the pressure is taken off the piston, which is then lifted 
back to its original position by the column of water and the 
opposite limb. The hutch work is discharged through a 
hole at the bottom of the U tube into a sloping trough, 
which conveys it to a collecting pit. The waste water is 
replaced by a pipe on the right hand side of the sieve. 
A slide valve is interposed between the two limbs of the 
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syphon, serving both for regulating the force of the curi'ent 
and for stopping off the water during the dealing of the 
sieve. 

Noa 30, L. 31, 32. — Berard’s Continuous Coal Dressing 
Machinery. 

This apparatus is represented in three drawings on the 
scale of ^he real size. No. L. 30 is a longitudinal 

elevation. No. L. 31 a transverse elevation, and No. L. 32 a 
horizontal projection. It is employed^for purifying small 
coal and slack, or large coal of an inferior qualit}^ from 
earthy and other impurities, in order to render it suitable 
for the manufacture of patent fuel or coke. 

The coal as soon as it is brought to the surface is thrown 
upon a screen ; the small stuff that passes through is the 
subject of treatment ; it is lifted by an elevator or chain of 
buckets into the feeding hopper of a classifying machine, 
which is a box divided into compartments containing a 
number of perforated plates arranged in a step-like series, 
the perforations being finer in the lower ones. These plates 
are kept in a state of rapid oscillation by a strap attached 
to the main shaft of the driving engine, which is usually a 
horizontal high-pressure steam engine of fi*om 8 to 10 horse 
power. The number of sizes separated by the classifier is 
one more than the number of sieves employed. The dust 
that passes the lowest sieve goes to the bottom of the clas- 
sifier, while the fragments th^ will not pass through the 
top sieve are passed through a pair of crushing rollers, and 
when broken down are returned into the supply box of the 
elevator. 

The assorted sizes, other than those noticed above, are 
passed over into a series of washing boxes ; these are jigging 
machines with fixed sieves and round plunger pistons where 
they are washed in the ordinary way. The coal being lighter 
than the waste with which it is associated, comes to the top, 
and is carried off by a stream of water into waggons placed 
for its reception, and can be removed immediately. 

The perforated plates on which the separation takes place 
are inclined, and have no projecting edges, so that the 
waste remaining ou them is continuously ti*a veiling towards 
their lower ends, where it falls over into a hutch, fr6m 
which it can be discharged by simply opening a valve. 

The fine dust is passed into a labyrinth catch pit, where 
the coal in it, is separated by the action of running water 
only, without the aid of any mechanical contrivance. 
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From 10 to J 2 tons of small coal can be cleaned per hour 
by tttls machine at a cost of from Id to per ton. 

No. L. 38, — Mackworth’s Coal Dressing Machine. 

This is a special modification of the hydraulic jigging 
machine combined with a discharging apparatus. The per- 
forated plates are placed at the bottom of. a deep hopper- 
shaped box, with a discharging door for the waste at the 
lower end. The force-pump piston works in a rectangular 
chamber at the other end* As the cleaned coal is worked 
upwards by the water, it meets another perforated plate 
placed at a small angle from the vertical ; this establishes a 
classification according to size among the purified fragments, 
the smaller ones passing through on one side, while the 
larger pieces are kept to the opposite side ; both are 
alternately scooped out by projecting blades on the surface 
of an endless belt, which passes them to the discharging 
shoot. The fine dust made by the rubbing of the particles 
against each other in the original feeding spout is drawn 
away by a fan blower, and not allowed to come into the 
water. 

No. L. 34. — Rittinger’s Continuous Jigging Machine 
(Stetigwihkender Setzheerd). Presented by 
Ministerialrath P. Kitting er. 

Scale, -j of real size, or 4 inches to 1 foot. 

This machine is distinguished from the older forms of 
hydraulic jigging machines, by the Substitution of a sus- 
pended vibrating plate for the fixed sieve, and the use of a 
lifting pump for driving the water through the ore instead 
of a force pump. The piston is a rectangular frame with 
four iron clacks having leather bearing faces ; it works in 
the hutch below the sieve, and is attached by two rods 
united by a wooden cross head, and a wrought iron connect- 
ing rod, to a crank pin on the driving eccentric The bot- 
tom of the box has four foot valves similar to those of the 
piston ; one of its sides is moveable for the convenience of ex- 
amining the foot valves, and is maintained in place by screw 
bolts. The jigging frame is a perforated plate suspended at 
the comers by four plain wire links ; it receives a recipro- 
cating motion from the large angle lever on the left hand 
side, which pushes it outwards, and a wooden counter spring 


♦ This account from a MS. description by the inyentor. 
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on the opMsite side, which brings it back to its ^rmer 
position. The ore to be treated is contained in a hopper on 
the left hand side, and is supplied to the sieve by an .in- 
clined feeding trough, which receives a vibrating motion 
from a smaller bent lever on the right hand, both motions • 
being worked by a large eccentric with a single tooth on 
the driving shaft ; which carries a small fly wheel. The 
hutch is filled with water, the whole arrangement forming a 
simple lifting pump ; the water lifted by the piston passes 
through the sieve plate, and returns into the hutch by an- 
other channel. The ore, in addition t6 being sorted by the 
water, is urged continuously forward by the shaking motion 
of the frame, and on arriving at the end of the principal 
sieve the deposit is cut into three parts by the edges of 
three sorting sieves placed one above another ; the lowest 
takes the best ore and passes into the box No. 1, the second 
quality goes in like manner from the middle sieve to No. 2, 
while the lightest is discharged by the top sieve into the 
compartment No. 3. The sorting sieves are provided with 
setting screws for adjusting the intervals between them in 
order to render the machine available for different classes of 
ores. The fine stuff passing through the sieve is discharged 
by two mud holes at the bottom of the hutch. The water 
lost during such removal is replaced by supply from a pipe 
on the opposite side. 

The pump works at the rate of from 70 to 75 strokes 
per minute ; the length of stroke varies from 2 to 3 inches. 
The size of the fragments treated must not be less than two 
lines (one-sixth of an inch) in diameter. If the ore is of 
good quality, it is concentrated up to a product containing 
from 50 to 60°/o of lead at one operation, but coarse 
substances will require to be worked over a second time, as 
it is not found possible to diminish the distance between 
the sorting sieves to less than half or three-quarters of an 
inch, and therefore a thinner layer of purified ore would 
necessarily be delivered in a mixed condition from the 
bottom sieve. From 25 to 30 cubic feet, probably equal to 
a weight of from to tons, are worked up hourly by 
the machine, which requires a motive power of one half or 
three-quarters of a horse power. 

SHAKING TABLES. STOSSHEERD. 

No. L. 35 .— Saxon Shaking Table of 1792. 

No. L. 36 .— Saxon Shaking Table, Modern Pattern. 
No. L. 37.— Stagg's Shaking Table, with Paddles. 
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. Wo. L. 38* — Rittinger’s continuous Shajcino Table. 
Stetigwirkender Stossheerd. 

The shakiug table is an old m achire, which is still 
extensively era ployed in the mines of Germany, Bohemia, 
and Hungary, and other parts of the continent, for the 
concentration of the sands, resulting from the operation of 
stamping poor ores, although it has in some cases been 
replaced with advantage by the rotatory huddle. The 
model No. L. 36 represents the form of stossheerd gene- 
rally employed in *the Saxon mines. It has a rectangular 
table, about 14 feet long, and six feet broad, bordered by 
raised edges on the long sides. The upper surface is formed 
of two thicknesses of pine planks, secured to a strong fram- 
ing of squared beams ; it is suspended in an inclined posi- 
tion by chains, attached to the four corners. The hinder or 
shorter pair of chains are hooked into long staples, with 
several notches, they are in a more or less inclined position 
when at rest, and by altering the points of suspension their 
tension may be varied. The forward pair hang vertically 
when at rest ; their upper ends are attached to a wind- 
lass barrel, with a ratchet stop ; this arrangement serves 
for adjusting the slope of the table, which must be dimi- 
nished when finely divided and poor ores are under treat- 
ment. The shaking motion is communicated by a hori- 
zontal wooden bar, attached to the outer arm of a small 
angle lever or V-bob which strikes against the front edge 
of the moveable table. TTic other arm of the bent lever 
carries a projecting tongue, which is acted on by the cams 
on a rotating horizontal shaft (not shown in this model). 
The tongue slides between guides on the arm which carries 
it, and is provided with an adjusting screw for the purpose 
of varying the length of stroke by altering the amount of 
protiusion, and throwing the table out of gear by screwing 
it back altogether. When the pressure is taken oflf the 
tongue after the passage of the cauj, the table is brought 
back to its former position by the tension chains. The 
stuff to be washed is mixed in a slime box, and passed in 
a uniform stream over a distributing board on to the table 
in the usual way, where under the combined influence of 
the shaking motion and a stream of clean water, the com- 
ponent particles are deposited in order according to their 
specific gravities, the heavier ones subsiding first, those of 
medium density, such as iron pyrites, ta^^g a low^j 
position. The lightest or earthy part is removed altogether 
by the waste water which falls over the lower edge of the 
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table ix^to a launder placed immediately below« It can, 
however, if necessary, be saved for further treatment in 
the box in front, by bridging over the intermediate space 
with a tail board (unterfass tafel\ The tail launder (fluth- 
gerinne) has a very slight inclination, and it is necessary to 
flush it out by a current of u’uter from an auxiliaiy 
channel, carried on the standards to which the suspen- 
sion chains are attached, in order to prevent its choking 
up by the accumulation of waste. The supply of stuff is 
oontinued*until a layer of about six inches in thickness has 
accumulated. The table is then throvn out of gear by 
screwing back the tongue, and the deposit is dug out with 
shovels, and divided in several parts for further treat- 
ment. 

The amplitude of the stroke varies with the nature of the 
ores, from 7^ inches to 9 J inches, and the number of strokes 
per minute is from 30 to 40 for the coarser sands, and from 
35 to 45 for the finer slimes. The volume of water re- 
quisite is in the latter case from to times that of the 
ore, while in the former it is from eight to nine times 
as much. 

The concentration of poor substances takes place very 
slowly, and merchantable products are only obtained after 
several repetitions of the operation. The coarser sands from 
the stamping of ores of the pyritic class are washed from 
three to five times, yielding, — 

1. Galena, with 40 to 45 per cent, of lead, and 44 to 

50 oz. of silver to the ton. 

2. Seconds lead ore, with 15 to 20 per cent, of lead, and 

16 to 18 oz. of silver. 

3. Pyritic ore, with a small quantity of silver, called 

Zuschlags erz ; this is melted to a regulus, which, 
after calcination, furnishes iron for the reduction of 
the galena in the smelting process. 

Pine sands and the coarser slimes from the middle 
divisions of the long catch pits are washed five times, 
yielding similar products ; the galena, however, contains 
three or four ounces more silver in the ton. Slimes from 
the lowest divisions of the long catch pits are washed four 
times over, and yield no galena, but only seconds ore and 
pyrites of a low content of silver. 

The stamp ores of the division containing blende yield in 
addition to the above products two classes of zinc ores.^ 


♦ Revue Univenwl, vol. iv. 
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The small model No. L. 35, presented by the late Thomaa 
Weaver, Esq., represents the form of stossbe^rd in nse at 
Freiberg, in the year 1792. It will be seem on inspection 
that it diflfers but very slightly from the form now in use. 
In a few of the newest dressing floors cast-iron standards 
for carrying the table have been introduced instead of 
wooden ones. 

No. L. 87 is a shaking table by Eobert Stagg, with two 
rotatory paddle wheels, for mixing and distributing the 
slimes uniformly with the washing water, to be used in the 
dressing of very finely divided materials. It was used in 
the mines of the London Lead Company in Northumberland 
in the year 1828. 


No. L. 38. — RirriNGER’s Continuous Shaking Table 

(STETIGWIRKENDEB StOSSHEERD). PRESENTED BY 

Ministerialrath P. Eittinger. 

Scale, 1 iJich to 1 foot.] 

This machine differs from the ordinary stossheerd in the 
disposition of the shaking apparatus, the table being diuwn 
out sideways, at right angles to the flow of the washing 
water, instead of being moved in the direction of its length; 
it is suspended with a slight forward inclination by four 
wrought-iron links, and receives a jerking motion from 
right to left from a lever ^which is acted on by a rotating 
eccentric with a single tooth, the return stroke being 
effected by the counter pressure of a wooden spring beam 
on the opposite side. The surface of the table is similar to 
that of the ordinary stossheerd, but the left hand and 
lower sides are without raised edges, giving two dis- 
charging sides instead of one, and both have boxes for 
receiving the washed products placed close to them. There 
are two distributing or heading boards, the ore in the 
form of slime is introduced from a mixing box over the 
left hand one covering one half of the table, the other half 
receiving a stream of clean water from the second board. 
The heavier particles contained in the ore by reason of 
their friction against the surface are but slightly affected 
by the downward motion of the washing water, and are 
chiefly moved by the percussive action of the lever and 
spring, sideways towards the left ; the lightest substances 
on the other hand are carried forward by the stream with 
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a very slight lateral deviation, following a course majnly 
parallel to thS long sides of the table; particles of inter- 
mediate densities will of course describe paths varying in 
their inclination to the long sides, according as one or other 
of the above influences prevail. The best ore passes over 
the left-hand edge of the table into the lower part of the 
long box in front, while the seconds and waste are collected 
in the box below the lower edge. 

The construction shown in the model was adopted in the 
first experimental machine made in the year 1858. The 
table is six feet in length and three feet broad, with a 
length of stroke of two inches. It has, however, been 
found that the principle of discharging the ores sideways 
presents great practical difficulties, as only small quantities 
of stuff could be worked through in a given time, the 
lateral motion of the ore being very slow and not being 
susceptible of any sensible increase by increasing the vio- 
lence of the shocks. A modified construction has been 
adopted in which the proportion of washing water to slime 
has been largely increased, and the discharge is confined to 
the lower edge, the best ore being received on the side of 
the tail-box farthest away from that on which the slime is 
admitted to the table. The following are the leading 
dimensions of these machines adopted at Ohlahl^posb^nya in 
Hungary The table is eight feet long and four feet broad ; 
the slime board is one foot broad and the washing board 
three feet ; the inclination of the table is, for coarse sandy 
substances, |ths of an inch per foot in length, or about 
one in 1 3 ; for fine muddy slimes, half an inch per foot, or 
one in 24. The number of oscillations per minute and their 
length is, for coarse sands, 55 of 2^ inches ; for fine mud, 
65 of one inch. The pressure of the spring is 200 lbs. for 
coarse and 180 lbs. for fine slimes. The coarser stuff is 
dressed at the rate of 0*2 of a cubic foot, containing 16 lbs. 
of solid matter to the foot per minute ; the finest contains 
4 lbs. of solid matter to the foot, 0*12 of a cubic foot only 
being treated in the same time ; the expenditure of clean 
water varies between 1*0 and 16 cubic feet per minute. Two 
tables of the above dimensions are combined in one frame, 
the first receives stuff from the stamps szed by a pointed 
separating box (spitzkasten) ; the other is worjced with th^ 
imperfectly cleaned middle product of the first table; 
the feeding being effected by an elevator, which scoops the 
stuff out of the tail box, and discharges it into the mixing 
box of the second table. Four pairs of tables, each in con- 
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nexion with its own separator, work up from 10 to 12J 
tons of ore daily.* • 

By experiments of a later date, the quantity of stuff 
worked up has been increased to 20 tons daily, 8 men only 
j being required to watch the machines, instead of 70, who 
were formerly employed, when the same quantity of ore was 
dressed on flat tables-f 


GENERAL MODELS OF MINES. 

No. M. 1. — Model br the Clones Gold Quartz Mines 
IN the Colony of Victoria, Australia. 

The parts of this model are lettered in correspondence 
with explanatory legend in the case as follows : — 

1. Deep shaft, intended to cut all the reefs or veins in 

the north part of the workings at 200 feet below 
the surface, by three east and west levels. 

2. Main shaft on Robinson s reef, 35 feet deep. 

3. Shaft on the western reef, with windlass for drawing, 

70 feet deep. 

4. Drum and brake of the self-acting inclined plane, 

whereby the wagons with ores from the high 
ground are lowered to the dressing floor. 

5. Storage tank for holding the water pumped up from 

the deep shaft, which is used for feeding the upper 
engine boiler. 

6. Channel conveying the water brought up from No. 3 

shaft, the feed water cistern of the stampers. 

7. Mouth of the southern tunnel, a level by wliich the 

ores from the south part of the workings are brought 
to the surface in tram wagons. 

8. 8. Tramways. 

9. 9. Turntables. 

10. Kiln in which such portions of the quartz as may be 

too tough to be stamped directly are rendered friable 
by calcination with wood. 

11. Tipping place and shoot for filling wagons with ore 
fit for the stamps without previous calcination. 

12. Tipping place for waste. 

13. 13, 13, 13. Tanks for the stamps feed water; they 

are partly supplied from the higher ground, and 
partly by the launder No. 14, from the engine pump 
No. 25. 

* Rittinger’s Er&hrangen, 1862, p. 32. 
t Bo. do. 1863, p. 24, 
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15. Hoppers containing the ores to be stamped. 

16. Stamps. They are an*anged in four series oi?^bat^ 
teries^ numbered from north to south, as under 

Ko. 1. 12 heads in 4 sets of three heads each. 

,, 2. 12 yf 3 ty four „ 

»> 3. 8 ft 2 ibur ,, 

„ 4. 12 „ 3 „ four „ 

17. Blanket tables for collecting the gold. (See large 
model. No. L. 8 in Gallery E., for details.) 

18. 18. Barrel amalgamators in which the enriched sand 

from the blankets is treated with mercury. 

19. Shaking frame in which the contents of the barrels 
are washed in order to separate the fluid amalgam 
from the exhausted residue. 

20. Launder or channel leading the waste water from the 
dressing floors to the slime pits. 

21. Dam across the brook or creek called Cresswill's 
creek, No. 22, forming a head of water for the pump. 
No. 25, with which it communicates by the passage 
No. 23. 

24. Circular saw bench for cutting fire-wood into billets 
for the boiler fires. 

25. Lifting pump supplying water to the cisterns of the 
stamps Nos. 3 and 4. 

26. Chinese pump or chain or buckets. This is ex- 
tensively used in alluvial gold workings for draining 
shallow excavations. 

27. Saw pit. 

28. Gold escort. The mounted man in the rear leading 
the pack-horse carrying the gold. 

29. Cradle used for working up the stuff collected under 
the stamps. 

30. Method of filtering the solid amalgam from the fluid 
mercury by pressing it through buck shin. 

31. Edge mill amalgamator or Chilian mill. 

32. Man washing the blankets in water to separate the 
gold entangled in the fibres. 

33. Underground chamber for water tanks, storing sup- 
plies to be used in time of drought. 

34. Upper level of the first drive from No. 1 shaft. 

35. Police station. 

36. Outcrops or backs of the quartz reefs or veins. ' 

37. Waste heaps from former workings on the backs. 

88. Channel conveying water from the deep shaft to the 

alluvial workings in the valley. 

39. Pit and shear frame of the deep shaft. 
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40. Wrought-iron quartz case (skip or bucket) rouning 
^ on slide guides in the shaft, in which the ore is 
brought to the surface. 

The whole of the machinery is worked by high pressure 
non-condensing steam engines, distributed as under : — 

The stamps in the central sieves Nos. 2 and 3 are driven 
by a single cylinder horizontal engine with two fly 
wheels of Mr. Jordan’s pattern (a larger model of the 
same being exhibited in the lower part of the same 
easel 

The boiler is of tl^ kind known as tlie retort boiler. It* 
is formed of seven horizontal tubes resembling gas 
retorts, placed transvei’sely in the fire-place, united 
by a large steam chest crossing them at right angles. 

A strap on the end of the cam barrel of the stamps No. 3 
works one of the amalgamating barrels and its 
* shaking frame. 

The series of stamps No. 1 are driven by a single cylinder 
fixed on the top of a cylindrical high-pressure boiler 
with one hemispherical end. The furnace is set in 
masonry, and also serves to heat the pots in which 
the mercury in the amalgam is distilled off from the 
gold. The same engine works the second amalga- 
mating barrel, and a lathe placed behind the stamps 
hoppers. 

Stamps No. 4 are worked by a double cylinder agri- 
cultural engine with multitubular boiler in which 
the steam cylinders ^re fixed within the smoke 
box. 

Another double cylinder agricultural engine works the 
lower pump No. 25, the edge mill, and the circular 
saw. 

At the deep shaft there is a single cylinder engine with 
multi tubular boiler, which draws the ores by working 
a flat rope, and also moves two lines of pump rods. 

The whole of the di'essing floors are covered in by a 
roof of corrugated galvanized iron plates supported 
upon a light wooden framing. 

No. M. 2.— Model of a High-pressure Non-condensing 
Steam Engine. By Mr. J. B. Jordan. 

Scale, -ry. 1 inch to 1 foot. 

This is an enlarged model of the engine employed for 
driving the stamps in Clunes g^ld quartz reduction worker 
No. M. 1. It is constructed on the so-called self-contained 
10434. 1C 
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principle, that is, all the parts that require particular 
stability, in<Suding the cylinder, slide guides, and shafts 
bearings, are united into a single casting with the bed 
plate ; so that there cannot be any error in setting up. 
There are two fly wheels of small diameter, with broad 
rims turned to a prqper figure to be used for transmitting 
the power by driving belts ; they may also be used as 
travelling wheels for taking the engine along difficult roads, 
the rims, of course, being protected by proper coverings. 

No. M. 3 . — Model of the WorkincSs of a Small Tin 

Mine.* 

The metalliferous districts of Cornwall are generally hilly, 
consequently when a trial upon any lode is to be made, the 
miners are enabled to avail themselves of the character of 
the ground by driving an adit some distance down the hill, 
by which the water is drained from above, and hence they 
are enabled to sink their shaft without the expense or in- 
convenience of machinery to pump the water to the surface, 
As the works extend they may drive a lower adit, hence 
frequently we hear of the shallow and the deep adits ; but 
when the shafts are sunk below these levels, they are com- 
pelled to adopt some system of pumps for removing the 
water. The mouth of the adit is shown on the side of the 
hill. In trial operations the ordinary windlass is first used, 
but when the depth of the working increases, then the horse 
whim is required. This model represents the surface of a 
Cornish mine up to this point. The ores are brought to the 
surface in kibbles by the windlass or horse whim, and 
sujected to the action of the stamps, of which two sets are 
shown. Taking advantage of the hill, the water, which haa 
done its work at the first stamps, is conducted by launders 
to flow over the second wheel ; and in some cases many sets 
of stamps are set in motion by the same stream. The pits 
are for washing and dressing the ores raised to the surfece. 

No. M. 4. — Sectional Model of the Workings of 
Dolcoath Mine. 

Scale, 1 inch to 48 feet, oft-It)- 

This model affords a perfect view of the general arrange- 
ments of this extensive tin and copper mine as it appeared 
in the year 1839. The red wood represents grcmite, and 


^ This description is taken from Mr. Hunt's Handbook. 



the^white the killas or clay slate of Cornwall. The lode is 
shown in all its variations of thickness by tlfe black layer 
which extends over both those rocks. It should be under- 
stood that the spectator is to suppose the granite and slate 
are entirely removed from the side of the lode nearest to 
him, and that he looks upon a vertical section of the lode, 
and the workings by which the metalliferous portions have 
been removed. 

Commencing at the left hand of the surface are shown 
the heaps of refuse, or deads or attle, brought out of the 
mine. In the smail valley are the dressing floors, where 
the cJTes are stamped by water power, and prepared for the 
market. From the recent extensive discovery of tin ore in 
this mine, the dressing floors have been very much extended; 
new machinery has been added, and the valley is altogether 
a remarkably busy scene of mining industry. The stamps or 
stamping machinery worked by a water-wheel, and a steam- 
engine working a whim, — a machine for raising the ore to 
the surface, — are represented, as well ssiwo huming houses, 
in which the ores are roasted to decompose the arsenical iron 
pyxites contained in them previously to the final dressing 
processes. The small round heaps represent ore prepared for 
the market. In the centre of the model is the steam engine 
employed for pumping water from the mine ; this water is 
pumped to the adit level, — the level nearest the surface, — 
through which it escapes. Around the pumping engine are 
the coal yard and smithery, and behind on the riglit hand 
are the sheds in which womfin are employed to break the 
ore, the adjoining reservoir retaining the water required in 
the processes of dressing or cleaning it. The double lines 
show the railroads, at the end of which is a crushing 
machine, in which the poorer ores are broken down between 
rollers in addition to the one in the valley. 

Three steam engines are employed to draw ores from 
three shafts on the lode, as shown in the model. 

The vertical lines from the surface are the shafts sunk 
into the rock, directly upon or near to the lode ; the greatest 
depth from the surface of the mine is about 1,(>20 feet, the 
mine having increased in depth since the model was con- 
structed. The length of the lode or mineral vein re- 
presented is 3,312 feet, not quite two-thirds of a mile. From 
the vertical shafts horizontal galleries, called levels, are 
driven on the lode at tolerably regular depths beneath each 
other. These levels are connected by shorter underground 
shafts called winzes. These are sometimes worked frojp 
above, downwards, and are then called sirihings ; but not 
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unfrequently they are worked from the lower to the upper 
level* ‘ ^ 

No. M. 5. — Model of Holmbdsh Mine. By Mb. T. B. 

Jordan. 

^ Scale, ^ lucli to 10 fathome. 

This model is constructed on the same principle that is 
jemployed in drawing mine plans ; that is, the whole of the 
excavationsmade, whether shafts, wing, or levels, and the 
portion of the lode taken away are represented in colours, 
while the solid ground is left blank, being the reverse of 
the method adopted in the model of Dolcoath mine, where 
the ground removed is shown in a natural manner. 

The succession of the levels in depth is shown by pro- 
jecting them upon frames placed at the proper vertical 
interval of 10 fathoms, covered with cross wires, which re- 
present the lines of easting and westing, and northing and 
southing, which are commonly drawn on ground plans of 
mines. 

The workings on each lode are distinguished by a special 


colour, as follows : — 


On the Holmbush lode 

- red. 

„ Flapjack lode 

- yellow. 

„ Lead lode 

- blue. 

„ Cross courses - 

- green. 


No. M. C. — Model of MiNiNOtOPERATiONS as Carried on 
IN Saxony, at the end of the Eighteenth Century. 

This case contains a complete epitome of the processes of 
mining, drawing, and dressing lead oi*es, divided into the 
following sections: — 

I. Stampa 

II. Schlamrakasten or tye. 

III. Flat table or Einkehrheerd. 

IV. Einkehrheerd, with layer of ore, first part of 

process. 

V. Do. second part of process. 

VI. Do. with finished ore, third part. 

VIL Stossheerd or shaking table. 

VIII. Process of hand jigging or “ setzarbeit.” 

IX. Surface buildings with picking house for ores. 

X. Scheidehaus or cobbing house for hand break- 

ing ores. 


* Acconnt taken f^om Mr. Hunt’s Handbook. 
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XL Bank house or Huthaus ** at dthe mouth of 
shaft and winze. 

Xli. Overshot water whim kehrrad ^ and housa 

XIV. Surface buildings with picking house, Scheide 

bank. 

XV. Do. with cobbing house, Aus- 

schlags zimmer. 

XVI. Windlass and frame for small shafts. 
xvii. Timbering of level with plankway for wagon, 
xvni. Metho(J of driving levels by pick and gad work. 

XIX. Level on an inclined vein, timbered with half- 

frames. 

XX. Level on an inclined vein, timbered on one 

side only. 

XXL \ Method of working away ore by stopping, filling 
XXII. j kibbles, ladderways, &c. 

XXIII. Bank of small drawing shaft, with lean-to 
house, and tw’o men at the windlass. 

XXIV. Timbering of a winze and footway shaft. 

XXV. Timbering of a winding footway and pumping 

shaft, large scale. 

XXVI. Overshot water wheel, with line of travelling 
rods or Feldgestange.'" 

XXVII. "j Shaft with direct acting overshot water wheel, 
XXVIII. V pumps, and pitwork complete, ladderway, 
XXIX. J plankway for the kibbles (tonnenfoch) in 
drawing shaft, and windlass. 

The smaller fiorures have reference to a detailed MS. 


METALLURGICAL MODELS. 

The collection of models of furnaces is contained with 
only a few exceptions in the gallery of the eastern model 
room, occupying both the wall cases and the table space. 
The apparatus for the assay of silver ores by the wet way is 
in case No. 7, Gallery E. ; the large blast furnace and blow- 
ing engine for South Wales is in the principal room, A ; 
Messrs. Naylor, Vickers & Co. s model of a Sheffield steel 
works faces the principal entrance of the small room, and 
the lead smoke condenser firom Wanlock Head mines is 
placed opposite to it. The arrangement of the series in the 
wall cases in the gallery is not a systematic one, the indi- 
vidual models being placed according to the available 
I pace, without regard to strict arrangement. The following 
is an analysis of the chief contents. 
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Case No. 1. 

Furnaces used in the Saxon smelting works, blast furnaces, 
and reverberatory smelting calcining furnace, up to the 
production of argentiferous lead ; Cornish tin furnace and 
Belgian zinc furnace. 

Case No. 2. 

Furnaces and machinery used in the Saxon smelting 
works for the production of metallic silver, including cupel- 
ling and refining furnaces for silver lead, amalgamating 
machinery, and retort for distilling silver amalgam, and the 
apparatus for the extraction of silver by the wet way with- 
out mercury. 

Case No. 3. 

Iron furnaces, cupolas and puddling furnaces, including 
such blast furnaces as are not on the table opposite to them. 

Case No. 4. 

Miscellaneous objects, including the ore and slag hearths, 
and Siemen's gas furnaces and generator. 

On the table are placed, commencing from the eastward. 

Furnaces used by chemical manufacturers. 

Pattinson's desilvering pots, opposite case. 

Blast furnaces with and without apparatus for economiz- 
ing the waste gases. 

No. N. 1, 2. — Blast Furnaces used in the Saxon Silver 
Lead Smelting Works. 

No. N. 1. Single Furnaces. 

No. N. 2. Double Furnaces. 

Scal^ -j-V* i ^ 

These are small blast furnaces with four-sided shafts, 
which are used in the production of argentiferous lead from 
the ores which have been previously calcined in the furnaces 
No. N. 3. The single furnace has only one charging place 
and one twyer or blast pipe, while the double one has two 
and a charging place in each of the side walls, the descent 
of the materials being regulated by a central dividing wall 
extending about half way down the shaft. The heai'th of the 
frimace is formed of a mixture of coke dust and day moulded 
into a pit or sump for collecting the reduced metal, which 
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is tapped off at intervals of six hours. The upper edge 
of the dam bounding the sump in front, is cSntinued into 
an inclined plane, over which the slag runs continuoudy. 
Cold blast air is used very slightly above the pressure of 
the atmosphere. The lead produced in these furnaces is 
treated in the cupellation hearth. No. N. 12. 

No. N. 3. — Saxon Oalciner with Flue Chambers. 

Scale, -iV- i of an inch to 1 foot. 

This is the small Voasting furnace known at Freiberg as 
the Hungarian furnace ; it is used for roasting silver ores 
with salt in order to convert the sulphide of silver they con- 
tain into chloride, so as to render them fit for subsequent 
treatment in the amalgamating machines. It is also used 
to a certain extent in roasting lead ores to prepare them for 
fusion in the blast furnace. The smoke passes through two 
chambers placed above the bed of the furnace before enter- 
ing the chimney, which intercepts a considerable portion of 
the finely divided metallic substances carried over by the 
draught. 

No. N. 4. — Saxon Calciner for Lead Ores. 

Scale, iV* I of inch to 1 foot. 

This is called the English roasting furnace, and has to a 
great extent replaced the sm|ill Hungarian furnace No. N. 3. 
It is capable of containing a charge of 25 cwt., and has four 
working apertures, two on each side, for receiving the tool 
used in stirring and turning the ore. Each of these apertures 
is covered by a hood and short chimney for carrying away 
the sulphurous acid vapours produced during the roasting. 
The fresh charges are introduced into the furnace from the 
cast-iron trough above the bed, through two holes cut 
through the roof ; the finished product is discharged through 
four squai*e shoots, cut through the bed and placed immedi- 
ately within the working openings, into four low chambers 
in the masonry of the substructure. The cast-iron plate 
covering the roof corresponds in outline to the bed of the 
furnace. 

No. N. 5.— Saxon Reverberatory Fusion Furnace. 

Scale, tV* i of an inch to 1 foot. 

This furnace, built after the pattern of the large fq**? 
naces used in the Swansea copper smelting works» is 
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used in concentrating poor ores containing iron pyrites 
and a small' quantity of silver into a regulus, which when 
calcined supplies the iron necessary for the reduction of the 
galena in the lead ores treated in the blast furnaces Noa N. 
1, 2. The bed of the furnace is made of fire clay and quartz, 
with a depression in the centre in which the regulus or metal 
separates from the slag. The charge, consisting of earthy 
and pyritic ores and lead slags, is discharged from the mix- 
ing floor above, into' a large hopper running upon rails and 
closed below by a sliding door moved by a rack and pinion 
motion, and passes into the furnace th'rough a square hole 
in the roof covering the bed. The slags are drawn through 
an opening in the wall opposite the fire-place, the regulus 
is tapped on the side opposite to the stack, and is received 
either in sand or cast-iron moulds. 


No. N. 6. — Cornish Reverberatory Furnace for Tjn 
Smelting. Presented by Messrs. R. Mitchell, 
& Co. 


Scale, -t\. 1 inch to 1 foot. 

The process of reducing tin from the ore is a comparatively 
simple one, owing to the high state of concentration in 
which the ore is delivered to the smelter; a very high 
temperature is, however, required. A revcrbatory furnace 
with a tall stack is employed. ^ The bed is made of fire-clay; 
the ore in the state of fine powder, with an addition of 
anthracite powder and a little fluor spar, is charged through 
two openings in the long side-wall on the inner side of the 
case. The slags are drawn through an aperture in the wall 
at the flue end, called the mouth of the furnace, having a 
cast-iron roller placed in front of it for supporting the work- 
ing tool or the riffling bar. The reduced metal is tapped 
through a hole on the side opposite to the charging hole, 
and is allowed to run into the clay bed on the left. The 
refining process is conducted in a similar furnace; the metal 
having been melted at the lowest possible temperature is run 
out into the refining kettle, a large cast-iron pot with a 
fire underneath it, and subjected to the process of poling, 
by lowering a round billet of green wood into the molten 
metal whereby a current of reducing gases is generated, 
bringing the lighter impurities to the surface, which are 
then slummed oflT, after which the refined metal is ladled 
out into iron ingot moulds. The green wood billet is 
mounted in an iron cage at the end of a vertical bar, sus- 
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peaded to a crane by a double purchase tackle, yith a loaded 
box attached to it for keeping the wood below the surface 
of the melted metal 

No. N. 7. — Belgian Zinc Furnace. 

Scale, -iV* z ^ 

This furnace is used for the production of ziuc from both 
blende and calamine. The ore, having been previously 
roasted, is placed in a series of cylindrical fire-clay retorts 
arranged one above another in horizontal rows to the number 
of 40, in a large chamber with a semi-cylindrical roof, 
having a fire-place below. The metal is collected in conical 
clay receivers, fitting into the mouths of the tubes, and 
covered by wrought-iron caps, also conical. The flame 
after heating the retorts passes through a smaller chamber, in 
which the clay tubes are baked previously to their being 
used in the furnaces. 

No. N. 8. — Sifting Machine used in the Saxon Amalga- 
mation Works. 

Scale, 1^ inches to 1 foot. 

The ores imended for amalgamation, after having been 
roasted with salt and iron pyrites in the reverberatory 
furnace No. N. 3, are sifted through an eight-sided drum 
sieve contained within the hutch, having a slight backward 
inclination ; the upper bearing of the axle is cylindrical, 
the Ipwer one has a cam wheel attached to it, which rests 
on a step-shaped bearing, giving a slight lateral jerking 
motion to the sieve as it revolves. The ore is fed through 
an inclined shoe or trough, which receives a jerking motion 
from a cam wheel and lever acting against a wooden spring 
beam. The gauze covering the upper part of the sieve is 
of a double thickness, and separates a sufliciently fine 
grained material for grinding ; the bulk of tlie stuff passing 
througli the single thickness is again sifted through a finer 
sieve ; the coarser lumps are returned to the calciuer to be 
roasted with a fresh addition of salt. 

No. N. 9. — Mill and Bolting Machine used in the 
Saxon Amalgamation Works. 

Scale, tV. inch to 1 foot. 

The sifted ore from No. N. 8 is here ground between 
granite millstones, making 130 revolutions per minute ; the 
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flcmr is bolted through a fine sieve and discharged thijpugh 
a door in the hutch into the railway waggon alongside. 
The arrangements are similar to those of an ordinary flour 
mill driven by water power, the bolting machine being 
driven by a belt on the principal shaft. 

No. N. 10.— Saxon Amalgamating Barbels and Washing 

Machine. 

Scale, -tt* 1 1 

The ore, after it has been ground in the mill No. N. 9, is 
treated in the amalgamating barrels with water, scrap iron, 
and mercury. The charge of finely pulverized ore contained 
in the square box at the top is introduced into the barrel 
through an upright pipe, terminated by a canvass hose with 
an iron nozzle. The barrels are made of oak staves strongly 
hooped with wrought iron, and provided with trunnions at 
the ends, which run on wooden bearings. One side of the 
barrel has a toothed ring of cast iron fixed to it, which 
gears into the large driving wheel. The barrel is put in or 
out of gear by a setting screw, which allows the bearing on 
the driving side to be moved sideways, so as to bring toge- 
ther or disengage the teeth of the gearing wheels. The pro- 
cess lasts twenty-four hours, during which time the barrels 
are turned continuously, and for the greater part of that 
time at about 22 revolutions per minute. The scrap iron acts 
upoR the chloride of silver, reducing the latter to the metallic 
state, and the finely divided metal so produced dissolves in the 
mercury, forming a liquid amalgam. At the end of the pro- 
cess the bulk of the mercury is run off through a small hole 
in the bung ; the remaining contents, with the exception of 
the pieces of iron which are kept back by a grating, are thrown 
into the washing machine below. This is an ordinary dolly 
tub with a rotating paddle, which stirs up the desilverized 
mud and allows any particles of mercury that may have 
become entangled with it to collect at the bottom. The 
amalgam so obtained is removed as soon as a suflicient 
quantity has accumulated, usually about once in three weeks, 
it is much more impure than that which is run off in the first 
instance with the bulk of the mercury, and is treated 
separately. 

No. N. 11. — Retort for Distilling Silver Amalgam. 

Scale, 2 inches to 1 foot. 

The liquid amalgam from the barrels is filtered through 
canvas bags under the pressure of a column of mercury, 
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the r^ult being a pasty compound containing about 15 per « 
cent, of silver, from which the mercury is dflven off by 
heating it to redness in a closed vessel. The furnace con- 
tains a single horizontal retort of elliptical section, heated 
by a fire on a grate underneath. The amalgam is intro- 
duced through the front of the retort, which is closed by a 
flat plate secured by screw clamps. The mercury collects at 
the other end and passes by a funnel-shaped hood into an 
inclined cast-iron tube of smaller size, which terminates in 
front of the furnace near the level of the ground, and is dis- 
charged into iron basins placed in front for its reception. 
This system is found to be attended with less loss of mer- 
cury than the old plan of heating the amalgam under a bell 
and condensing the volatized metal in water. 

No. N, 12. — German Cupelling Furnace, Treibeheerd. 

Scale, fV* I <^f an inch to 1 foot. 

This is a reverberatory furnace without a stack, in which 
pine wood, a fiiel giving a large amount of flame, is used ; 
the necessary current of air for maintaining an oxidizing 
atmosphere in the hearth being supplied by two twyers at 
the back. It is used for separating silver from argentiferous 
lead by exposing the latter in a melted condition on an im- 
permeable surface to the action of an oxidizing blast, whereby 
the lead is converted into litharge, which melts and can be 
drawn off through a notch in the side of the bed opposite the 
twyers. As soon as the whole of the lead has been removed 
the silver remains on the hearth in the form of a thin circular 
cake, which, after it has been cooled by pouring water on it, 
is removed in a single mass. For this purpose it is ne- 
cessary to remove the hood or vaulted cover of the furnace 
by the crane in front. The hood is made of sheet iron 
lined internally with a refractory coating of fire-clay -and 
quartz. The lining is made to adhere to the surface of the 
iron hood by a large number of clips or studs made of short 
pieces of hoop iron stuck through perforations in the plates, 
and having their ends bent into double hooks on the inner 
side. The bed or hearth is made of a marly limestone con- 
taining a considerable quantity of silica, which is reduced 
to a fine state of division, stamped in moist, and brought to 
a very smooth surface hy moulding while still in a damp 
state. The model represents the substructure of the furnace 
without the marl hearth, which requires to be renewed at 
each operation ; the former one, being compacted by infil- 
trated litharge, is broken out and returned to the ore-smelting 
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iiiniaoe ia\order to recover the lead and silver that it 
contains. 


No. N. 13. Silver Befining Furnace. 

Scale, tV* I of an inch to 1 foot. 

This furnace is used for refining the silver obtained in 
the large cupelling hearth, and differs from it chiefly in the 
shape and size of the hearth ; a marl bed is used capable of 
containing from 10 to 15 cwts. of silyer, which is melted 
under an oxidizing blast until the last traces of foreign 
metals are removed. The cover of the hearth is made of 
wrought iron, and is moveable in a manner similar to that 
in the preceding example. 

No. N. 14. — Apparatus for the Extraction of Silver 
FROM its Ores by the Wet Way. 

Scale, ^V* i iBch to 1 foot. 

In addition to the process of barrel amalgamation, which 
has been latterly abandoned at Freiberg, two other prin- 
cipal proceases are employed in the extraction of silver from 
its ore by the wet way. These are, Augustin’s process, in 
which the silver is first converted into chloride hy roasting 
the ore with .salt, as in the first stage of the amalgamation 
process, and is afterwards dissolved out by a strong solution 
of salt at a boiling temperativ’e ; and Ziervogels process, in 
which the sulphide of silver in the substance under treat- 
ment is converted by careful roasting into sulphate of 
silver, a salt that is soluble in boiling water. The silver in 
the solution is in either case separated by passing it over 
plates of metallic copper, or the finely divided metal ob- 
tained from the solution of a copper salt by cementation 
with scrap iron is employed for the same ])urpose. The 
apparatus employed is shown in the model, it consists 
of a series of wooden vats with perforated false bottoms, 
containing the substance, to be desilverized, which are 
mounted on railway trucks for the convenience of moving 
them along the upper stage of the building. The exhaust- 
ing liquor, whether brine or plain water, is supplied from 
the boiler fixed in a small furnace at the right hand of the 
building. The silver-bearing solution runs off through a 
small wooden launder, and drops through perforations into 
the precipitating vessels, a series of vats arranged in four 
steps, one above another, containing cement copper or copper 
plates, and provided with wooden cocks, through which the 
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solution from the vats in the upper series is run off inta 
those®next below them, and so on to the bottom* The 
liquor from the lowest vats is discharged into a large 
wooden tank, containing fragments of old iron, which de- 
compose the copper salt formed during the reduction of the 
* silver, as finely divided as cement copper. A portion of the 
acid liquor is returned to be used in the exhaustion of a fi*esh 
quantity of material. The cement silver deposited in the pre- 
cipitating tubs is collected at intervals, and after washing, 
which is dried, compacted by hydraulic pressui'e in moulds, 
and melted into bars^ ready for delivery to the mint. The 
desilverized residues in the upper tubs are shot down the 
inclined plane on the left hand corner of the upper stage, 
and are subsequently smelted for copper. 

Neither of the above processes appears to be well adapted 
for the treatment of ores direct, and they are chiefly 
employed for the desilverizing of argentiferous copper com- 
pounds, such as result from the fusion of the copper-slates 
of Mansfield and the richer qualities of metal or regulus 
produced in the later stages of the Swansea copper smelting 
process, when foreign argentiferous ores are treated. 

No. N. 15. — Pattinson’s Desilverizing Pots and Cupel- 
ling Furnace, used at the Wanlock Head Mines. 
Presented by the Royal Commissioners of the 
Exhibition 1851. 

Scale, tV- 1 4nch to 1 foot. 

No. N. iG. — Plan and Section op a Series of Pattin- 
son's Pots, and Ladle used in the Process. Pre- 
sented BY IHE late H. L. PATTINSON, EsQ. 

The system of enriching lead poor in silver by crystalli- 
zation was introduced by the late Mr. H. L. Pattinson in 
the year 1833, and depends upon the fact, that when lead 
containing silver is melted and left to cool slowly, the lead 
solidifies first, and maybe separated in the form of a crystal- 
line powder from the fluid portion, which retains the bulk oi 
the silver. The apparatus used consists of a row of cast-iron 
pots, of a hemispherical form, set in masonry, and having a 
fire-place underneath each. The original lead, containing 
from five to eight ounces of silver to the ton, is, if sufficiently 
pure, melted in the central pot and gradually cooled, tl^ 
crystals as they separate being scooped out by a large per- 
forated la^e, similar to that placed in the northern comer 



the Model Koom A., between the cases containing the mining 
tools. Thcr crystals are passed continuously to the left, 
becoming poorer in each pot, while the enriched residues 
pass to the right, the ultimate results being that the pot on 
the extreme left contains merchantable lead with only half^ 
an ounce, and the corresponding one at the other end yields 
lead with from 75 to 80 ounces of silver, or upwards, 
which is ready for cupellation. The value of the metal 
in the intermediate pots is shown in the large diagram 
presented by Mr. Pattinson. The mode of conducting the 
process is subject to much variation. . 

The enriched lead is subjected to the process of cupella- 
tion in a small reverberatory furnace, with a moveable bed, 
called a test bottom, made of bone ash, stamped into an 
elliptical ring of iron bound by transverse bars at the 
bottom. The lead is first melted in the small pot on the 
left-hand side of the furnace, and is then ladled into the 
basin in the corner, from which it runs by a cast-iron gutter 
into the test. The long axis of the elliptical test is placed 
across the furnace, i.e., at right angles to the direction of the 
flame, the blast being applied at one end, while the litharge 
overflows at the opposite end. Owing to the small size 
of the test, it is not possible to put the whole quantity of , 
lead to be treated, into the furnace at one time ; it is there- 
fore concentrated in separate portions until a small quantity 
of rich lead remains, which by a final cupellation yields a 
cake of silver nearly as large as the test bottom. The black 
parts in this model represent those that are made of wrought 
iron in the actual furnace, and' the bright ones such as are 
made of cast iron. 

No. N. 17. — Lead Smoke Condenser at Wanlock Head 
Lead Works. 

Scale, -iV* 1 liich to 1 foot. 

This model is placed at the entrance of the Model Room 
A., from the principal floor of the Museum. According to 
the description published in the Catalogue of the Exhibition 
of 1851, it consists of a rectangular building in masonry, 
about 30 feet in height, divided into two chambers by a 
partition wall, one of which communicates with a tall 
chimney adjoining. The smoke from the eight furnapes in 
the works is carried by separate flues into a large chamber 
(not in the model), and thence by a larger flue into the 
bottom of the first 'chamber of the condenser, being made 
on its way to the top to pass, first, by means of zigzag walls, 
four times through a shower of water, which is constantly 
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dropjging from a perforated reservoir at the top of the 
tower, and afterwards through a coke filteiP about two 
feet square, also washed by a stream of water, after 
which it enters the second or vacuum chamber. This is 
a rectangular chamber, seven feet long by five feet broad, 
and about 30 feet high, having a cast-iron water trough on 
its summit, which is kept constantly filled to the depth of 
from 6 to 10 inches, the bottom of the trough having 12 
rectangular apertures in it, each about an inch broad, and 
extending over its whole breadth. These holes are covered 
by a horizontal slicLe below the trough, having a similar 
series of apertures in it, which receives a reciprocating 
motion from a water wheel. When at the centre of the 
stroke, the holes in the slide coincide in position with those 
in the trough, and a heavy shower of water falls through the 
whole height of the chamber, removing all the fine particles 
held in suspension by the smoke, that have escaped the 
action of the water in the first chamber. As soon as the 
holes in the water trough are closed by the solid portion of 
slide, a vacuum is formed in the chamber, and the pressure 
of the external atmosphere at the mouths of the furnaces 
comes into play to overcome the resistance offered to the 
passage of the smoke through the various impediments in 
the first part of the condenser. The particles of solid 
matter separated by the water pass out with it at the 
bottom of the chambers, and are collected in dykes or slime 
pits similar to those used in dressing finely divided mine- 
rals, the deposit yielding 33*per cent, of lead, with about 
4^ oz. of silver to the ton. The water for the top cistern 
is supplied by a force pump attached to the over-shot wheel 
that works the sliding plate. 

No. N. 18. — Ore Health. 

No. N. 19. — Slag Hearth. 

No. N. 20. — Ore Hearth, with Hood. 

All to scale of tV* 1 i^ch to 1 foot. 

These furnaces are used in the reduction of lead ores in 
the north of England, where the galena is comparatively 
pure, being mixed chiefly with calc spar and a small quantity 
of blende, containing from 70 to 80 per cent, of lead when 
delivered to the smelter. The ore hearth is a small square 
furnace having a low shaft built of rectangular blocks of 
cast iron set in masonry. The shaft is enclosed on the bac^ 
and side walls, and has a narrow opening in the bottom of 
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tbe front wall, before which is fixed a cast-iron plate with a 
gutter in it cfor conveying the reduced lead to the mflting 
pot in front, whence it is ladled out into th| ingot 
moulds. The ore, which is subjected* to a preliminary 
roasting in a reverberatory calciner, is exposed to the action 
of a blast of air introduced through a nozzle in the back 
wall, at such a temperature as to allow the reduced lead to 
liquate out from the earthy matters and unreduced portions 
of ore into the hearth bottom, which is also made of cast 
iron, until it fills up to the lev^ of the edge of the inclined 
plane or work stone in front, when iji is received by the 
gutter and runs off into the melting pot in front. The 
vitrified portions, which are separated by picking over the 
unreduced pasty masses on the work stone, are known as 
grey slags, and are subsequently treated for the lead they 
contain, in the slag hearth. 

The small models Nos. N. 19, 20 are made from the de- 
scription of the process of ore hearth smelting in the second 
volume of the “Transactions of the Natural History 
“ Society of Northumberland,” by the late H. L. Pattinson, 
Esq. The large model with the hood over the furnace was 
exhibited at the Great Exhibition in 1851. 

The slag hearth has a square shaft about three feet deep, 
with a twyer in the hinder wall about 14« inches below the 
top edge. All the paits above the twyer being subjected to 
great heat, are made of refractory brickwork ; below that 
level, however, the heat is inconsiderable, and the worn-out 
bearers, and other ohl cast-i^on work of the ore hearth, 
may be used. The shaft is entirely solid, with the excep- 
tion of an opening in the lower part of the front wall ; the 
bottom of the hearth is formed by an inclined cast-iron 
plate, whose lower end overlaps the edge of a cast-iron 
pan placed in front. This pan is heated by a fire placed 
below it, and is divided into two unequal portions by a 
partition reaching nearly to the bottom. A pit dug in the 
floor in front of the pan is filled with water by means of 
pipes, when the hearth is at work. The larger division of 
the iron pan, and the whole of the furnace below the twyer, 
are filled with hard cinders taken from the ash-pit of 
the reverberatory fiimace ; the working part of the shaft is 
charged alternately with coke and grey slags from the 
ore hearth. The lead as it reduces separates from ‘the 
earthy matters, winch melt to a liquid slag, and both sink 
down together through the column of cinders in the lower 
part of the shaft. 1%e metal settles first, owing to its 
superior density, and filtering through the larger division 
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of th« pan coflects in the middle one, whence it is scooped 
put into ingot moulds. The slag cooling as it falls becomes 
viscid, and is made to pass over the surface of the ashes in 
the larger pan into the water tank in front, where it is 
granulated, so that any lead that it may have entangled 
with it may be removed by washing. 


BLAST FURNACES FOR IRON SMELTING. 

No. N. 21. — Sectional Model of Blast Furnace. 

No. N. 22. — German Charcoal Blast Furnace. 

Scale, -jV. i of an inch to 1 foot. 

No. N. 23. — South Wales. — Anthracite Blast Furnace. 
Scale, rra* i of an inch to 1 foot. 

No. N. 24.— Blast Furnace and Blowing Engine at 
Penydarren Iron Works, South Wales. 

Scale, tV* I i“^ch to 1 foot. 

No. N. 25.— Blast Furnace and Hot-air Stoves at 
Ystalyfera Iron Works. Presented by Mr. 
J. P. Budd. 

Scale, V-s- 1 ii\p^ 1 

No. N. 26. — Blast Furnace at Blaina Iron Works. 
Scale, ^V- i inch to 1 foot. 

No. N. 27. — Blast Furnace with Application of Waste 
Gases. By Messrs. Thomas and Laurens. 

Scale, ~. 4 of ii^ch to 1 foot. 

The typical form of an old fashioned blast furnace for iron 
smelting is shown in the sectional model No. N. 21, and in 
the section attached to No. N. 23. It consists essentially of 
two truncated cones of unequal height, joined together by 
their bases ; the longer one is the uppermost, and is placed 
upright, the smaller one being inverted, having the smallest 
end undemeath. This part of the furnace is called the 
boshes, below which is the health, a short contracted shaft 
of rectangular section, perforated on three sides to allow of 
the insertion of the blast nozzle or twyers. The third side 
is closed by a dam, over which the slag flows continuously, 
10434. K 
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whilst the iroa is collected in the bottom of the hearth» and 
is tapped off into sand moulds at intervals of 12 hours. In 
newer furnaces the shape of the shaft departs considerably 
from the old conical form, the sharply contracted slopes at 
the junction of the two cones being effaced by the insertion, 
of a cylindrical portion ; in some instances a barrel-shaped 
form is obtained by the use of a curved instead of a straight- 
sided section. The inner part of the furnace, called the 
ring wall, is made of fire-brick, surrounded by an external 
casing of common brickwork or stone masonry, with or 
without binding hoops of wrought iroii. In all the furnaces 
now under consideration the casing is extremely massive, 
but in newer ones a simple jacket of wrought-iron plates is 
used, a construction resembling that usually employed for 
ironfounders' small blast furnaces called cupolas. In No. 
N. 24 a short chimney is placed above the furnace proper ; 
this is called the tunnel head, and is perforated with four 
openings, through which the charges of ore, coke or coal, 
and limestone are introduced. 

The method of suppljdng the blast is shown in No. N. 24. 
The blast engine has a large vertical cylinder, in which a 
tightly fitting piston is moved up and down by power com- 
municated from a rotatory shaft by a crank and connect- 
ing rod acting at one end of a vibrating beam, the piston 
rod being attached by a parallel motion to the other end. 
Three boxes containing ten rectangular clack valves of 
leather are fixed to the top cylinder cover ; these valves 
open, as the piston descends, giving a free passage for the 
external air to enter, and fill the cylinder ; on the return 
stroke the valves are closed, and the air inside is compressed 
until it reaches the maximum pressure prevailing in the 
regulator, when it passes through a similar series of dis- 
charge valves over by the passage on the right-hand side 
into the liollow upright column parallel to the cylinder 
which communicates with the principal air-pipe or blast 
main. A corresponding series of valves is placed in the 
lower cylinder cover; their action is similar to and alter- 
nate with those of the top. The blast regulator is a large 
spherical vessel made of wrought iron placed outside the 
engine-house; it receives the air in an irregular stream 
from the engine, and delivers it under uniform pressure to 
the furnace. A loaded safety valve placed on the main 
immediately adjacent to the reservoir determines the ex- 
treme working pressure. The twyers or nozzles are con- 
nected with the blast main by tubes of smaller section, 
each having a sluice valve near the junction, for regulat- 
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ing the current. Two of the twyers in this model are 
ada]^d for cold air ; they are made of copper, and are 
connected with the fixed end of the pipe by leather hose : 
the third is connected with a hot blast apparatus, consist- 
ing of nine semi-circular arched cast-iron pipes, placed 
vertically and parallel to each other in a small furnace, 
with a fire grate underneath them ; their ends are fixed 
into two parallel horizontal tubes, through one of which 
the cold air enters, whilst the heated air passes out through 
the other. The hot blast nozzle can be adjusted in position, 
either as regards height or laterally, by a ball and socket 
motion. The temperature to which the air is heated varies 
from 250° to 400° Fahrenheit in charcoal furnaces, and 
from 600° to 800° in coke or coal furnaces. A water 
twyer, such as is used for hot blast furnaces, is placed on 
the floor below the model of the blast engine ; this is a 
hollow conical cast-iron pipe, set in the wall of the furnace, 
and kept cool by a stream of water circulating through the 
hollow part to prevent the end of the blast pipe or twyer 
proper from being melted by the intense heat generated in 
the furnace by the contact of the heated air with the fuel. In 
cold blast furnaces, the first effect of the blast at its entrance 
is a cooling one, so that a short nozzle of half-melted matter 
is formed in front of the twyer, which protects it, and 
renders the use of water twyers unnecessary. 

No. N. 25 is a model of an anthracite blast furnace at 
Ystalyfera, in South Wales, where the blast is heated by 
the waste gases which, undtr ordinary circumstances, are 
allowed to burn away at the top of the tunnel head.* It 
is of considerable interest as representing the arrangements 
adopted in the first gas-saving furnace constructed in 
this country having been exhibited by Mr. J. P. Budd at the 
meeting of the British Association at Swansea, in 1848. A 
wrought-iron cylinder is inserted in the top of the shaft ex- 
tending a short distance downwards, so as to enclose a cer- 
tain space between its outer surface and the ring wall, in 
which the gas collects as it rises. The discharge takes 
place through four elliptical flues in brickwork, which lead 
the gas into the heating stoves on the right hand side of the 
furnace. These are two large chambers in which the blast 
pipes are arranged in a series of inverted U's, giving a large 
amount of heating surface, as it was originally intended 
to employ the sensible heat of the gases only, the draught 
through the chamber being regulated by a tall chimney with 
a damper at the tep. A very much greater effect may, how- 
ever, be obtained by burning the waste gases, which consist 
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essentially of nitrogen and carbonic oxide, with air the 
same manndr as ordinary fuel, a plan that is now almost 
univei'sally adopted in English gas saving furnaces. 

The Ystalyfera furnace last noticed is an example of an 
open-topped gas-saving furnace. Nos. N. 26 and 27 illustrate 
two methods in which the top of the furnace is closed ex- 
cept at the moment of charging. The former, No. N. 26, has 
a pair of cast-iron bearers intersecting each other at right 
angles, built into the masonry of the shaft a short distance 
below the top, which cany an obtuse cast-iron cone 
for distributing the materials thrown in, uniformly in the 
space below. A cylinder similar to that used in the pre- 
ceding example is fixed at the top of the shaft, it reaches 
nearly down to the top of the cone, the intermediate space 
forming the passage by which the charges enter the furnace. 
A second cylinder of larger diameter, moving on the outer 
side of the first one, suspended by a pair of flat-link chains to 
an arch-headed lever, forms a kind of slide valve for cover- 
ing the passage ; which when lowered rests with its bottom 
ecjge on the top of the cone and cuts off all communication 
between the atmosphere and the interior of the furnace. 
When the slide is drawn up by depressing the outer arm of 
the lever, the passage between the fixed tube and the cone is 
opened for the introduction of the charge. The gases are taken 
off by a rectangular tube on one side, having a throttle-valve 
attached to it for regulating the amount of aperture ; when 
the valve is closed the gases are allowed to escape into the 
air by a chimney on the of)posite side having a closely 
fitting damper at the top, which under ordinary circum- 
stances is shut. 

In Messrs. Laurent and Thomas’ model. No. N. 27, the 
throat of the furnace is covered by a conical cap, sliding on 
three upright pillars, whose lower edge when shut rests in 
a ring-shaped trough filled with water. The gases are 
taken oflF by two circular pipes placed opposite to each 
other, a provision being made for clearing them of solid 
matters held in mechanical suspension before arriving at 
the points of combustion. This is effected by having a 
continuous slit in the under side of the conducting pipes, 
below which a water trough is suspended for the purpose 
of receiving all the soluble or mechanical intermixed Sub- 
stances which may be present in the gaseous current. The 
blast heating stoves in this model are of a peculiar con- 
struction ; the gas is burnt in a chamber containing several 
upright tubes having internal cores covered with ridges or 
t^tb, which are heated from the outside, the space between 



189 


the iftner sides of the tubes and the cores fowling the air 
passage?. The arrangement is such, that all the joints cf 
the tubes are outside the furnace so as to prevent leakage 
by the unequal expansion consequent on the heating of 
dissimilar surfaces in contact. Another portion of the gas 
is applied for raising steam for the blast engines. The 
boilers employed are of the reversed flame class, that 
is, plain cylindrical high-pressure boilers with heating 
tubes of smaller diameter placed below them. The flame 
is made to impinge^ first on the main boiler and then 
passes round the heating tubes, the course of the feed water 
being in the reverse direction. This model was exhibited 
at the Paris Exhibition in 1855. The most approved prin- 
ciple for taking off the gases now in use is the so-called cup 
and cone,"" in wliich the joint is made by a moveable cone, 
similar in shape to the fixed one in No. N. 26, suspended 
to a bell-crank lever which bears against the edge of a 
fixed conical cup, fixed in the position of top cylinder in 
the same model. 

No. N. 23 is a furnace of small height and capacity, in 
which anthracite is used as fuel, it has seven twyers varying 
in diameter from 2| to 1^ Inches ; the largest is placed at the 
hack, the six smaller ones are arranged in threes on the sides. 
The supply of air is 3,000 cubic feet per minute, at 2^ lbs. 
above the atmospheric pressure, heated to 612° Fahrenheit. 

No. N. 28. — Geeman ope]? Fire. (Frisch Feuer.) 

Scale, V-j' T of an inch to 1 foot. 

This is a small blast hearth with a single twyer, such as 
still is used on the continent of Europe to a limited extent 
for the conversion of cast into wrought iron or steel. A 
similar class of furnace is used in the Pyrenees for pro- 
ducing wrought iron from the ore direct ; in a few small 
forges they are also used for re-heating or melting purposes. 
No exact information has been furnished as to the locality 
or purposes of this model. 

No. N. 29. — Cupola with Far Blower. 

Scale, -rV i of an inch to 1 foot. 

The cupola is a small blast furnace with a cylindrical 
shaft, employed for re-melting pig-iron in the production 
of castings. The hearth is formed with a slope towards the 
tap hole. 



The maintblasb pipe is provicied with two twyers placed 
opposite to each other ; it is made with a telescopic joint, 
and three different series of holes for the passage of the twyers 
are pierced through the wall of the furnace at different 
heights, in order to allow of the accumulation of larger or 
smaller quantities of melted metal, according to the require- 
ments of the casting. Those holes that are not in use are 
stopped with fire-brick plugs. 

The furnace is blown by a fan A^^ith straight arms, similar 
to that described at p. 126, which produces a considerable 
volume of blast, but at a pressure very slightly in excess 
of that of the atmosphere. 

No. N. 30 . — Model of Coke Ovens used in South 
Wales. Presented by Messrs. Vivian & Sons. 

This represents a series of fom* coke ovens of the simplest 
form ; they are low arched chambers nearly rectangular in 
plan, increasing slightly in width towards the front. Two 
ovens are placed back to back, so that their flues discharge 
into a common stack. A line of railway for the waggons 
bringing the coal runs across each series. 

The coal is charged through a square aperture in tlie 
roof of the oven, sufficient being introduced to fill up the 
chamber to the springing of the arch. The mouth is then 
built up with brickwork, with the exception of a few small 
draught holes which are left rhove the level of the top of 
the charge, the heat remaining from the preceding operation 
being sufficient for igniting the fresh coal. When the coking 
is completed the charge is dravim by an iron rod called the 
needle, which slides in a gutter below the floor, and takes 
hold of an iron cross bar placed at the far end of the oven, 
the two together forming a tool resembling a large hoe, 
which can be worked by manual or other power, according 
to the requirements of the case, the removal of the charge 
being facilitated by the gradual increase in the width of the 
floor towards the front. 

No. N. 31. — Puddling Furnace at tre Bromford Iron 
Works, South Staffordshire. 

Scale, about i- of full size. 

This furnace is described at fiill length in the second pait 
of Dr. Percy's Metallurgy, page 640. The parts made in 
dark wood are of cast iron in the original, the lighter 
portions represent fire-brick work. It is used for the con- 
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verson of cast iron into malleable iron by exposing the 
former in a melte4 state to the action of the air, whereby 
the carbon contained is oxidized, leaving a spongy partially 
agglutinated mass of malleable metal behind at a sufficiently 
► high temperature to be capable of consolidation by ham- 
inering or rolling. The fire-place, the arch and sides above 
the bed, the flue, and the lining of the stack are formed of 
Stourbridge fire-bricks ; the bed is made of a cast-iron 
frame supported on pillars of the same material, lined with 
a refractory coating of peroxide of iron, either in the form 
of calcined puddling furnace slag or “ bull dog hammer 
scale or hematite iron ore. The area of the fire-grate is 
nearly as large as that of the bed ; the whole structure is 
cased by upright cast-iron plates bound together by 
wrought-iron cross ties. There are four apertures on the 
outer side of the furnace, that on the right hand is the fire- 
hole through which the coal is charged on to the fire-grate ; 
the next is a small hole called the staff hole through which 
the staflT, a wrought-iron rod used in removing the ball or 
spongy mass of iron from the furnace to the hammer, is 
brought up to a w-elding heat ; the large door, suspended 
by a lever with a counterpoise on the left, is used for in- 
troducing and removing the charge ; it is shut down when 
the furnace is working ; the shaft of the rabble or tool by 
which the puddler draws the particles of metal together 
into a ball passes through the small notched opening 
on the lower edge. The small square hole underneath the 
door is called the tap hole ,• it forms the passage for the 
slag or tap cinder produced during the process, and 
during the puddling it is stopped up with sand. 

No. N. 32.- Siemens’ Regenerative Gas Fur^^ace for 
Plate Glass Melting. Presented by C. W. Siemens, 
Esq., F.R.S. 

Scale, about -rV of full size. 

This invention consists in the application of large vaulted 
chambers filled with loosely stacked firebricks for intercept- 
ing the excess of heat in the gaseous products of com- 
bustion passing away from furnaces above that necessary 
for carrying them out of the stack at a proper velocity. 
When the brickwork and sides of the chamber have 
been heated to the highest temperature attainable, the 
current is diverted to a similar adjacent chamber, and 
the fuel, consisting of combustible gases produced in a 
special generator, is introduced at a comparatively low 
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perature, and is allowed to pass through in a oontia^ous 
current on ito way to the place of combustion until the 
heat has been entirely absorbed. The process is then 
repeated with the other chambers, of which there are 
four in all ; they are worked in pairs alternately, two being 
heated by the exhaust current at the same time that the 
others are giving up their heat to the fuel. 

This gas generator is shown in section in the right-hand 
part of the model ; tlie fuel is introduced into a large 
chamber through the round stoppered plates in the top ; 
the front wall is of triangular section inclined, and has 
a small ladder or step-grate at its lower end with a 
water pipe below it. The chamber is filled fiill of coal or 
other similar fuel, which is ver}^ slowly consumed by reason 
of the small area for the admission of air presented by the 
grate ; the carbonic acid produced by the combustion near 
the outside is converted into carbonic oxide as it rises 
through the thick column of dull red hot coal above it, and 
a further supply of gases, consisting principally of carbonic 
oxide and hydrogen, is produced by the steam which rises 
through the fuel from perforations in the water pipe below 
the grate. The gas is collected by an arched flue running 
along the back of the fire-places, whence it passes by 
the large cast-iron pipe joining the two parts of the 
model together into the regenerators placed below the 
chamber in which the melting pots are contained. The 
same principle is applied in the construction of puddling 
furnaces ; a description of sucii a furnace is to be found 
in Dr. Percy's Metallurgj’’ of Iron and Steel, at page 082. 

No. N. 33.— Model of a Steel Converting, Refining, 
AND Casting Works, &c. Presented by Messrs. 
Naylor, Vickers, & Co. 

Scale, about of full size. 

This model faces the entrance of the model room from 
the principal floor of the Museum. It comprises two 
portions, the converting and melting furnaces, which are 
placed on the left-hand side, and the rolling mill and forge 
with its reheating and annealing furnaces contained in a 
separate building. The different parts are as follows, com- 
mencing from the left : — 

Converting furnaces. One is shown in section, having 
two large chests or pots made of fire-brick, wliich are filled 
with bars of wrought iron stacked in alternate layers with 
charcoal. They are heated by a fire placed underneath ; the 



flam^circolates about the outside of the diest by a series 
of rectangular flues communicating with ^hree e^ort 
chimnies on either side^ the whole being covered by a 
tall conical hood. The process lasts about ten days ; the 
bars are removed after the furnace has cooled, when they 
are foimd to be converted into the substance known as 
blister steel. 

IT. The melting furnaces. The blister steel taken from 
the converting or cementing furnace is broken up into 
small fragments, which are assorted according to quality, 
the most highly carbonized portions yielding the hardest 
product. The broken pieces are melted in clay crucibles, 
holding from 30 to 40 lbs. each, in air furnaces heated with 
coke ; each furnace holds two crucibles, arranged in the 
manner shown in section in the model. The top of the 
furnace is placed nearly at the same level as the floor of the 
casting shop. It is covered by a square fire-brick slab or 
quarry,” set in a wrought-iron frame, having a projecting 
handle on one side. There are two square shallow cast-iron 
boxes filled with coke dust set in tlie centre line of the 
floor, called the teaming holes, which are used for sup- 
porting the pots after they are drawn from the furnace, 
previously to their contents being cast into ingot moulds. 
The coke lining prevents the pot from being cracked by 
coming in contact with the iron sides of the box. Three 
charges can be melted in the same pot before it becomes 
unserviceable. In the left hand corner of the shop, opposite 
to the range of furnaces, is placed the annealing grate, in 
which the pots are heated up to redness before they are put 
into the melting furnaces. 

III. The rolling mill contains on the left-hand side a 
train of four pairs of rolls for bars arranged in the fol- 
lowing order : — 

No. 1. Round bars. 

„ 2. Square bars, 
f> 3. „ 

„ 4. Flat bars. 

A shearing lever for cutting bars up in lengths suitable 
for piling is attached to this train. Adjacent to it are two 
reheating furnaces for two different lengths of bars. In 
the centre of the shop are the plate rolls ; they have two 
large reheating furnaces attached to them. At the right 
hand end are placed three tilt hammers, which are used in 
drawing out blister into shear steel bars. They are of small 
size, having heads varying from 150 to 500 lbs. weight, 
mounted on wooden helves, strengthened with wrought-iront 
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hoops, and are driven at great speed, from 1 50 to 350 bjpws 
per minute, Vith a small lift. The two furnaces on the 
right are used for heating the piles up to a welding heat, 
previously to their being tilted into bars. 

N 0. N. 34. — APPAflATUS FOR THE MANUFACTURE OP 
Stannate of Soda. Presented by James Young, 
Esq., F.R.S. 

Scale, about -j-V of full size. 

Stannate of soda is a compound of o^ide of tin (stannic 
acid) with soda, used by dyeis as a mordant or fixing 
medium for certain vegetable colours. It is obtained by 
heating a mixture of finely divided tin ore with a solution 
of caustic soda in a large hemispherical iron pan, heated by 
a fire-place below. The action is facilitated by a rotatory 
stirrer, driven by steam power, which continually agitates 
the mixture. The product of the first operation is trans- 
ferred into a lixiviating tank adjacent, where it is dissolved 
in water heated by the waste steam from the engine. The 
liquor obtained by this operation is pumped up to a large 
clarifying tank, supported on pillars, whence it is run into 
iron evaporating pans. The finished salt is afterwards 
dried on a hot bench or drying stove, shown on the outer 
side of the model, and is then ready to be packed in casks 
for sale. 

Nos. N. 35, 36. — Apparatus for the Manufacture of 
Soda Ash, 

Scale, about tV of full size. 

These are two out of the numerous appliances used in the 
manufacture of carbonate of soda from common salt. No. 
N. 35 is a lead condensing chamber in which the vapour of 
sulphurous acid arising from the combustion of sulphur or 
iron pyrites in the kiln adjoining is converted into weak 
sulphuric acid by the action of nitrate of soda. The weak 
liquor drawn from the chambers is afterwards concentrated 
by distillation in a platinum alembic. No. N. 36 is a reverbe- 
ratory furnace with a double bed. The portion nearest to the 
fire grate, which is at a lower level than the other part, is 
used for the decomposition of salt by the action of the 
sulphuric acid obtained in the first part of the process. The 
resulting products are sulphate of soda, which is dried on 
the outer part of the furnace bed, and hydrochloric acid gas, 
which is carried with the products of combustion out of 
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the Ihmace, but is not allowed to escape into the atmo- 
sphere, the smoke b§ing first led through tall* towers filled 
with broken stone or fragments of coke kept moist by a 
continual trickling current of water, which dissolves the gas 
and delivers it in the form of liquid hydrochloric acid at 
the bottom of the condensers. 

The other parts of process which are not illustrated by 
models are, the fusion of the sulphate of soda with coal and 
lime into the so-called black ash, the decomposition of the 
black ash by carbonate of lime, and the subsequent crystal- 
lization of the carbonate of soda from solution. 


No. N. 37.— Pyrometer for Determining the Tempera- 
ture OF THE Interior of Furnaces. Br Captain 
Bystrom, Eoyal Swedish Artillery. 


This instrument involves the application of an indirect 
method of determining high temperatures by quenching 
a highly heated mass of metal of small size in a quantity of 
water also of a known but much larger weight. The tem- 
perature of the metal representing that of the interior of the 
fuinace is calculated from the increase of temperature pro- 
duced in the water by a simple table supplied with the 
instrument. 

The metallic masses employed are small balls either of steel 
or platinum, the former weighing seven grammes and the 
latter eight grammes; the weight of water in the cistern is 
300 grammes. The ball is supported at the end of a hori- 
zontal muffle or D-shaped tube by a wire passing through a 
hole in the centre. When heated the wire is withdrawn and 
the ball is detached by a projecting wedge-shaped mass at 
the mouth of a communicating inclined tube passing through 
the wall of the furnace and closed by a hinged valve at the 
lower end. The ball falls down this tube and is received in 
a wire cage at the end of a broad-mouthed funnel placed in 
the lid of the water vessel. The increase of temperature is 
observed by means of a thermometer divided on the centi- 
grade scale to tenths of degrees. 
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The tables are arranged in such a manner that in the higher degrees ob- 
served differences of 0*05®, *06®, and ‘07® correspond to 20® in the fiumce. 
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No. N 38 . — Gat Lussac's Apparatus for Silver 
Assaying by the We^ Way. 

Tliis apparatus is used in the principal European minis 
for the determination of the amount of silver contained in 
bars presented for coinage. It depends upon the fact, that 
when chloride of silver is produced by the addition of 
common salt to a portion of the alloy dissolved in nitric 
acid, the silver is precipitated in the form of a chloride ; the 
precipitate, although a bulky one, may be made to assume 
the form of a heavy coarse-grained powder by agitating 
the vessel in which the operation is performed, and the 
liquor becomes sufficiently clear to allow of the least cloudi- 
ness being seen, if any should be produced by a fresh 
addition of the re-agent. The strength of the ordinary or 
normal solution of salt employed, is such, that a given 
volume, usually 100 cubic centimetres, shall exactly pre- 
cipitate one gramme of fine silver. The weight of the assay 
sample must be varied with the fineneas of the metal, it being 
desirable to operate on a quantity containing one gramme 
of fine silver; it is therefore necessaiy to know approxi- 
mately the composition of the alloy before proceeding to 
the exact assay. After using the normal solution, the 
amount of variation from the legal standard is determined 
by adding measures of a solution of salt one-tenth of the 
strength of the first, should the precipitation of the silver 
be incomplete. If, on the othen hand, too much salt should 
have been added in the first instance, the excess is deter- 
mined by the use of a solution of nitrate of silver, one 
measure of which corresponds to an equal volume of the 
decimal salt solution. 

The normal solution of salt is contained in a cylindrical 
copper cistern tinned on the inside, which is placed on the 
upper shelf. It communicates with the pipette by a braes 
elbow tube, below which is a vertical glass tube con- 
taining a thermometer for determining the temperature of 
the solution, it being necessary to introduce a correction for 
alterations in the strength of the liquid, produced by changes 
in the density due to variation from the standard tem- 
perature of 1 50 centigrade. The pipette has a cylindrical 
body with a neck and tail of smaller bore, the latter being 
brought to a fine point ; it is fixed in a vertical position 
by two horizontal wooden arms projecting from a. bracket 
attached to the wall. The neck of the pipette is connected 
to the bottom of the tube containing the thermometer 



by $1 silver cap with two stop-cocks, one of which serves 
for the admission of the solution from the resAvoir, whilst 
the other is intended to allow the air contained in the 
pipette to escape during the filling. The bottle containing 
the solution of the metal to be assayed is placed in one 
division of the sliding top of the table on the floor of the 
case, the other division is a hollow pillar containing a 
sponge adjusted at such a height that it just touches the 
point of the pipette when placed underneath it. 

The method of using the apparatus is as follows : — ^The 
assayer having stopped the point of the pipette with his 
finger, opens the two stop-cocks, and allows the solution to 
flow in until it stands a little above the gauge point cut on 
the neck of the tube. The stop-cocks are then closed, and 
the stand with the sponge is placed below the point of the 
pipette. By opening the lower cock the solution is allowed 
to run to waste until it stands at the exact level of the 
gauge mark in the neck, the excess of the liquid being ab- 
sorbed by the sponge. The bottle is then brought under 
the pipette and the measured volume of solution is allowed 
to flow into it. 

As soon as ten bottles have each received a measure of the 
solution they are stoppered and placed in the shaking ap- 
paratus ; this is a cage having ten divisions, each holding a 
bottle, with a hinged cover fitting over the stoppers, 
suspended by a leather str^ to the end of a bar spring 
projecting from the wall, the lower end being fastened to a 
coiled wire spring fixed to the floor. As these springs act 
against each other the cage is kept in a state of oscillation 
by exertiilg an intermittent pressure with the hand upon 
the top part. 

When the solution in the bottles has cleared by the sub- 
sidence of the chloride of silver they are removed, and are 
then examined by the addition of a measure of the decimal 
salt solution from a small pipette containing one centimetre ; 
all those in which any precipitate is produced are returned 
to the cage to be shaken afresh, and the process is repeated 
as long as any cloudiness is produced by a fresh addi- 
tion of solution. Those bottles on the contrary, in which 
no fresh precipitate is produced by the first measure of 
the decimal salt solution, are treated with the decimal 
silver solution, in order to determine how much the origi- 
nal volume of the normal solution employed, was in excess 
of the amount necessary for the precipitation of the silvto 



f 


198 


present. Samples that are richer than the standard reauire 
li^h additions of the decimal salt solution, until no further 
precipitate ensues. It is then considered that probably one- 
half of the last cubic centimetre added was unnece^aiy, 
and an allowance of one half-thousandth is made in the 
fineness; thus, supposing originally, in addition to 100 
cubic centimefcA5S‘‘ of normal solution, five centimetres of 
the decimal salt solution have produced a precipitate, and 
the sixth has not, the fineness is assumed to be or 

corresponding to the normal solution ; or tthttf* corre- 
sponding to the effective part of the decimal solution, 
because iict sufficient, and toVo was in excess. 

In the Imperial mint in Paris bars for coinage must 
contain Vrnnr silver, but a variation of two «'l>ove 

or below the legal standard is tolerated. The original 
quantities of the metal taken for assay are therefore adjusted 
in such a manner that 100 cubic centimetres of the normal 
solution correspond to a fineness tVw one-thousandth 
below the minimum legal fineness. 

All the samples therefore that do not give a fresh preci- 
pitate by the addition of one cubic centimetre of the decimal 
salt solution are at once rejected, and it is therefore not 
necessary to use the decimal silver solution unless the ab - 
solute fineness of the bar is required to be known. The 
assay samples are dissolved in nitric acid in the bottles 
in which the precipitation is performed ; ten samples are 
treated at a time, the solution being facilitated by heating 
them in the copjier water batn placed on the lower shelf. 
A pair of bellows with a bent glass nozzle is used for remov- 
ing the nitrous fumes from the bottles before the stoppers 
are put into their places, it is suspended on the side wall 
of the case. In making the standard solution the salt is 
stirred through the water in the cistern by a whisk formed 
of a piece of macintosh cloth tied to the end of a split cane ; 
this is placed in the back of the case. 

Examples of the pipettes employed for the decimal solu- 
tions are suspended in the rack below the upper shelf. 

Nos. N. 39, 40. — Models of Assayers’ Furnaces. Pre- 
sented BY THE Patent Plumbago Crucible Com- 
pany. 

These are small furnaces made of fine clay bound with 
hoop iron. No. 39 is a muflSe furnace used for the assay of 
silver ores by cupellation ; six different sizes are made of 
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thiS|pattem, ranging from 10 to 13 inches Jn internal diame- 
ter, and from 19 to 26 inches in height. Melting furnaces 
similar to No. N. 40 are made in nine sizes, increasing from 
6^ inches to 12| inches in diameter, and from 19 inches to 
32 inches in height. In either case the models are about 
one-third of the dimensions of the s mallest size. 

No. L. 4*.— Blake’s Stone Breaking Machine. 

Scale, about ^ of real size. 

This machine is ftsed for breaking up masses of ore to the 
proper size for treatment by the wet stamping process. The 
stone is broken by the pressure of a vibrating jaw or lever 
studded with shallow V-grooves against a similarly grooved 
surface attached to the framing of the machine. The driv-* 
ing power is transmitted from a rotating shaft b}^ an ec- 
centric, having the lower end of its rod in connexion with 
two levers, one of which oscillates about a fixed centre, 
while the opposite one, which is linked to the back of the 
vibrating arm of the crusher, has no fixed point, but can be 
moved laterally. As the rod of the eccentric rises* it tends 
to draw the levers from their inclined position into line 
with each other, but as one of them is fixed so as to be 
incapable of lateral motion, the whole of the horizontal 
elongation takes place on the opposite one, whereby the 
vibrating arm is thrust outwards against the stone to be 
broken. The 'arm is returned to its former position at the 
change of the stroke by a spring. Tlie cross bar carrying 
the centre of the fixed lever is capable of a slight lateral 
movement by means of a setting screw, in order to regulate 
the minimum distance between the crushing surfaces, and 
consequently the size of the fragments }>i‘oduced. 

The model represents the form of machine in use in the 
Saxon mines ; it is somewhat simpler in construction than 
those employed in England. It makes about 250 revolu- 
tions per minute, and is capable of crushing 5 tons of hard 
pyritic and quartzose vein stuff per hour. 
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